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(54) Title: PROCEDURE FOR THE RADICAL REDUCTION OF DITHIOCARBONYL 
OR DITHIOPHOSPHORYL GROUPS IN A POLYMER 

(57) Abstract: The invention relates to a procedure for preparing a polymer, which procedure includes a step that 
consists of placing in contact: (A) at least one living organic polymer having, at the end of its chain, at least one 
reactive dithiocarbonyl or dithiophosphoryl group; (B) at least one source of free radicals; and (C) at least one 
organic compound carrying a labile hydrogen atom, whereby the dithiocarbonyl or dithiophosphoryl group that is 
present in the said living organic polymer is replaced by a hydrogen atom. 
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PROCEDURE FOR THE RADICAL REDUCTION OF DITHIOCARBONYL 
OR DITHIOPHOSPHORYL GROUPS IN A POLYMER 

The present invention relates to a procedure for the radical reduction of dithiocarbonyl 
or dithiophosphoryl groups in a polymer, which procedure is based on living radical 
polymerization and which provides, in particular, access to polymers have a controlled 
architecture, and, specifically, sequenced copolymers, that have no such dithiocarbonyl or 
dithiophosphoryl groups. 

In the present descriptive specification, unless otherwise indicated, the term 
"polymer" refers, in the broadest sense, to both homopolymers and copolymers. The 
polymers may consist of polymers (i.e., homopolymers) or copolymers (i.e., statistical, 
diblock, triblock, hybrid, star, or hyper-branched copolymers). 

More specifically, as used with regard to the invention, the term "controlled-architecture 
polymer" refers to a polymer based on two or more monomers, in which polymer the position of 
the said constituent monomers is controlled. 

The term "sequenced polymer" (or "block copolymer"), as used with regard to the 
invention, refers to a copolymer having at least two successive chain links (blocks) consisting of 
monomers with different chemical constitutions. Each of the blocks that are present may 
consist of a homopolymer or a copolymer obtained from a mixture of ethylenically 
unsaturated monomers. In the latter case, the block may, in particular, be a statistical 
copolymer. Thus, the block copolymers within the context of the invention may include 
two blocks, each of which in turn consists of statistical copolymers. In this case, the 
ethylenically unsaturated monomers are such that the resulting blocks are of different 
kinds. The term "blocks are of different kinds" refers to either blocks consisting of 
monomers of different kinds, or blocks consisting of monomers of the same kind that are 
present in different quantities. 

Controlled-architecture polymers, such as (for example) sequenced polymers, are 
customarily prepared through ionic polymerization. However, this type of polymerization has 
the disadvantage of allowing only the polymerization of certain types of apolar monomers, 
such as styrene or butadiene. Moreover, ionic polymerization usually entails severe 



2 



THIS PAGE BLANK (uspto) 



operational constraints, including, in particular, a reaction mixture that is notably free from 
impurities, and operating temperatures that are often below room temperature, in order to 
minimize the occurrence of parasitic reactions. 

Such constraints are not present in radical polymerization, which also has the advantage 
of being employable within the context of the polymerization of other types of monomers. 
Consequently, radical polymerization is rapidly attracting interest within the context of the 
preparation of controlled-architecture polymers consisting of sequenced copolymers. 

Nevertheless, in a conventional radical polymerization reaction, the reactivity of the 
growing macroradicals is usually non-selective, and the chains are usually terminated 
irreversibly via coupling or dismutation. Consequently, in radical polymerization, it is 
usually very difficult to control the structure of the resulting chains. In particular, it is 
extremely difficult to obtain polymers with functional groups at the ends of chains. In the 
most general case, this difficulty limits the options for obtaining sequenced copolymers. 

In order to overcome these difficulties, specific radical polymerization procedures have 
recently been developed, in which the growing polymer chains and the final chains are 
functionalized by terminal groups that can be rendered reactive in the form of free radicals, by 
means of reversible termination or transfer reactions. 

This type of specific radical polymerization is usually referred to as "controlled" or "living" 
radical polymerization. These names are based on the fact that the presence of the reactive 
terminal groups described hereinabove induces the presence of equilibriums between 
functionalized species (known as "dormant" species) and active species (the free radicals). 
As a result, it becomes possible to control the growth of the polymer chains (thereby 
obtaining mass distributions within a narrow range and control of the mean molecular weight, 
particularly by manipulating the molar ratio between the monomer and the precursor of the 
active chains), and also to obtain functionalized (so-called "living") polymers, i.e., polymers 
that can be employed as species that can be rendered reactive in subsequent radical 
polymerization reactions - a property that is particularly valuable in the preparation of 
sequenced copolymers. For more detailed information on this subject, see "Controlled 
Radical Polymerization" (K. Matyjaszewski, ed.), in ACS Symposium Series 685 (1998) and ACS 
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Symposium Series 768 (2001), both published by the American Chemical Society, Washington, 
D.C. 

Living (or controlled) radical polymerization ideally has the following distinctive aspects: 

1 . A number of chains that remains fixed throughout the duration of the reaction; 

2. A growth speed that stays very close to a given mean value for all of the growing 
polymer chains, and, advantageously, a growth speed that is identical for all of the 
chains, as manifested by: 

- An increase in the molecular weights as the conversion occurs, which increase is 
advantageously a linear one; 

- A narrowly limited weight distribution; 

3. The option of controlling the mean molecular weight, based on the molar ratio 
between the monomer and the chain precursor. 

Within this context, multiple controlled (living) polymerization procedures, known as 
"reversible chain transfer" procedures, have been developed, which employ addition- 
fragmentation mechanisms. This specific polymer synthesis is achieved by performing a 
radical polymerization in the presence of reversible transfer agents and a free-radical 
source, which is usually triggered thermally, leading to the acquisition of polymers with 
functional groups. This type of polymerization is one of the most appropriate technologies 
for synthesizing block copolymers using the radical approach. 

For more information about this type of reversible addition-fragmentation transfer 
[RAFT] polymerization, see (for example) patent applications No. WO 98/01478 or 
No. WO 99/35178, which describe the use of reversible transfer agents of the RS(C=S)R' type 
for the synthesis of controlled-architecture copolymers. The use of dithiocarbamate transfer 
agents of the RS(C=S)NR'R" type to control radical polymerizations has also been 
described in patent applications No. WO 99/35177 and No. WO 99/31 144. Still with 
reference to this type of reversible-transfer polymerization, a procedure for the preparation 
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of hybrid silicone-and-organic copolymers, using thermally activated radical polymerization, 
has also been described in French patent application No. 00/09722, filed by the present 
applicant on July 25, 2000. These hybrid copolymers, which consist of a silicone skeleton 
and carriers of organic groups, are prepared from a silicone precursor, at least one organic 
ethylenically unsaturated monomer, and a radical polymerization initiator. Within the 
context of thermally triggered living radical polymerization, the xanthates having the 
general formula RSC(=S)OR\ as described (for example) in patent applications 
No. WO 98/58974, No. WO 00/75207, and No. WO 01/042312, are especially worthwhile 
reversible transfer agents, which make it possible to control the radical polymerization 
of a substantial number of monomers, such as styrene, acrylic, acrylamide, vinyl ester, 
and diene monomers. 

Regardless of the specific implementation of a living radical polymerization reaction, the 
polymer chains obtained upon completion of such a reaction usually have functional groups at 
the end of the chain. The presence of these functional groups usually imparts to the 
chains a useful "living" nature, such that the chains can serve as reactive species in later 
polymerization reactions. This property is particularly worthwhile in the synthesis of 
controlled-architecture polymers, and, specifically, in the synthesis of sequenced 
copolymers. However, as a general rule, the reactive groups that are present at the ends of 
chains in the polymers obtained at the conclusion of a living radical polymerization are also 
fragile. For example, they can often be hydrolyzed in a basic medium. These hydrolysis 
reactions can release byproducts - such as (for example) carbonyl sulfide, for the polymers 
with reactive xanthate groups - that have a low molecular weight and that are malodorous 
and/or toxic to the environment and to human beings. 

One of the goals of the present invention is to provide a procedure that enables the 
removal of the reactive groups from certain polymers obtained through a living 
polymerization reaction. 

Another goal of the invention consists of providing a procedure for the preparation 
of polymers that have the advantages of the polymers obtained through a living 
polymerization reaction (that is, specifically, a mean molecular weight, expressed by the 
Mn number, that is well controlled, and a narrowly limited weight distribution), but that do not 
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contain, at the ends of their chains, the reactive groups that can lead to the disadvantages 
described hereinabove. 

These goals, and others that will become clear through a reading of the present 
descriptive specification, are achieved by the present invention, which relates to a 
procedure for the preparation of a polymer, which procedure includes a stage consisting of 
placing in contact: 

(A) At least one living organic polymer having, at the end of its chain, at least one 
reactive dithiocarbonyl or dithiophosphoryl group; 

(B) At least one source of free radicals; and 

(C) At least one organic compound containing a labile hydrogen atom. 

More specifically, this stage allows the dithiocarbonyl or dithiophosphoryl group 
present in the said living organic polymer to be replaced by a hydrogen atom. 

The term "living organic polymer," as used in the present descriptive specification, 
refers to any and all polymers, within the context of the invention, that are based at least 
partially on organic monomers and that can be obtained through a living radical polymerization 
procedure. 

The living organic polymers that are used in the procedure according to the 
invention may advantageously consist of controlled-architecture copolymers, and may 
also consist of (for example) sequenced copolymers. Regardless of their specific 
structure, these living organic polymers include, at the ends of their chains, at least one 
reactive dithiocarbonyl or dithiophosphoryl group, i.e., an -S(C=S)-R group or an - 
S(P=S)-R group, respectively, in which "R" designates any organic group. 

Thus, the reactive dithiocarbonyl or dithiophosphoryl group that is present at the end of 
the chain in polymer (A), as used in the procedure according to the invention, may 
advantageously consist of an -S(C=S)-R group or an -S(P=S)-R group, where "R" 
designates: 
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(i) An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl or alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, or a 
polymer chain; 

(ii) An -OR a radical, in which "R a " designates a group selected from among: 

- An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl, alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, or else 
a polymer chain; 

- A -CR b R°PO(OR d )(OR e ) group, in which: 

- R b and R c represent, independently of each other, a hydrogen atom, a halogen 
atom, a perfluoroalkyl group, a carbon ring, or a heterocyclic compound; or 
else a -N0 2 , -NCO, or -CN group; or a group selected from among the 
groups of the following type: -R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , -OOCR f , - 
CONR f R 9 , or S0 3 R f , in which R f and R 9 independently designate an alkyl, 
alkenyl, alkynyl, aryl, aryl [sic; "acyl" is most probably the intended word here 
- Tr.], aryl-alkyl, aryl-alkenyl, or aryl-alkynyl group; 

or else R b and R c form, along with the carbon atom to which they are attached, a 
C=0 or C=S group, or else a hydrocarbon ring or a heterocyclic compound; and 

- R d and R e represent, independently of each other, a radical corresponding to 
one of the definitions given hereinabove for the R f group; 

or else R d and R e together form a hydrocarbon chain containing from 2 to 4 carbon 
atoms, optionally interrupted by an -O-, -S-, or -NR h - group, where "R h " 
corresponds to one of the definitions given hereinabove for the R f group; 

(iii) An -NR i R j group, in which: 
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- R' and R j represent, independently of each other, a radical selected from among an 
alkyl, halogenoalkyl, alkenyl, alkynyl, acyl, ester, aryl, aryl-alkyl, aryl-alkenyl, or 
aryl-alkynyl group, or a carbon ring; or 

- R' and R j together form a hydrocarbon chain containing from 2 to 4 carbon atoms, 
optionally interrupted by an -0-, -S- or -NR H - group, where "R H " corresponds to one 
of the definitions given hereinabove for the R f group, with the said hydrocarbon chain 

- * 

advantageously forming a ring, consisting of 5 groups, with the nitrogen atom to which 
R j and R j are attached, 

with the R' and R j radicals preferably inducing an electro-attractive effect or a 
derealization effect with respect to the electronic density of the nitrogen atom to which 
they are attached. 

Throughout the present descriptive specification, the collective term "alkyl" refers to a 
saturated, linear, or branched hydrocarbon radical that may include one or more saturated 
aliphatic rings. Within the context of the invention, the alkyl groups may have up to 25 carbon 
atoms. They preferably have 1 to 12 carbon atoms, and advantageously 1 to 6 carbon atoms. 

Specifically, within the context of the invention, an alkyl group may also designate a 
cycloalkyl group, i.e., a cyclic saturated hydrocarbon radical that preferably has from 3 to 10 
carbon atoms. 

Meanwhile, likewise within the context of the invention, a so-called "alkoxy" group refers 
to an -OAlk radical, where "Alk" designates an alkyl group, as defined hereinabove. 

Within the context of the invention, a "halogenoalkyl" group refers to an alkyl radical, 
as defined hereinabove, that is substituted by at least one halogen atom, with the term 
"halogen atom" referring here, as throughout the present descriptive specification, to a 
fluorine, chlorine, bromine, or iodine atom, and preferably to a fluorine or chlorine atom, and 
advantageously to a fluorine atom. Thus, for example, the "halogenoalkyl" groups 
according to the invention may consist of so-called "perfluoroalkyl" groups, i.e., within 
the context of the invention, groups having the formula -CH 2 C n F 2 n-»-i, where "n" 
represents an integer from 1 to 20. 
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Moreover, an "alkenyl" group, as the term is used in the present descriptive specification, 
refers to an unsaturated, linear, or branched hydrocarbon radical that has at least one carbon- 
carbon (C=C) double bond. The alkynyl groups according to the invention may have up to 25 
carbon atoms. They preferably have 2 to 12 carbon atoms, and advantageously 2 to 6 
carbon atoms. 

Similarly, the term "alkynyl" group refers to an unsaturated, linear, or branched 
hydrocarbon radical that has at least one carbon-carbon triple bond. The alkynyl groups 
according to the invention usually have from 2 to 25 carbon atoms. They preferably have 2 to 
15 carbon atoms, and advantageously 2 to 6 carbon atoms. 

Meanwhile, an "acyl" group, within the context of the invention, refers to a group having 
the formula -C(=0)-B, where "B" designates a linear or branched, saturated or unsaturated 
hydrocarbon chain that has from 1 to 25 carbon atoms, and that may, in particular, be an alkyl, 
alkenyl, or alkynyl group, as defined hereinabove. 

An "ester" group, within the context of the invention, refers to a group having the 
formula -C(=0)-OB, where "B" designates a linear or branched, saturated or 
unsaturated hydrocarbon chain that has from 1 to 25 carbon atoms, and that may, in 
particular, be an alkyl, alkenyl, or alkynyl group, as defined hereinabove. 

Within the context of the invention, a radical of the so-called "carbon-ring" type 
refers to a saturated, unsaturated, or aromatic cyclic group, particularly of the cycloalkyl, 
cycloalkenyl, or cycloalkynyl type, that may optionally be substituted and that has from 3 to 20 
carbon atoms. Meanwhile, a radical of the so-called "heterocyclic" type designates such a 
carbon ring that is interrupted by at least one heterocyclic atom, which atoms is selected (for 
example) from among N, O, and S. 

Meanwhile, within the context of the invention, a so-called "aryl" group designates a 
mono- or polycyclic aromatic group that usually has from 5 to 20 carbon atoms, and preferably 
6 to 10 carbon atoms. Thus, for example, such a group may consist of a phenyl group, or a 1- 
or 2-naphthyl group. In one specific variant, a so-called "aryl" group, within the context of the 
invention, may include one or more heterocyclic atoms, such as sulfur, oxygen, or nitrogen. In 
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this specific case, the so-called "aryl" group, within the context of the invention, designates a 
mono- or polycyclic heteroaromatic group. 

The so-called "arylalkyl", "aralkenyl", et "aralkynyl" groups, within the context of the 
invention, consist of alkyl, alkynyl [sic; "alkenyl" is most probably the intended word here - Tr.], 
and alkynyl chains, respectively, substituted by an aryl group, as defined hereinabove. In other 
words, the so-called "arylalkyl", "aralkenyl", et "aralkynyl" groups, within the context of the 
invention, consist of Ar-Ra- groups, in which "Ar-" represents an aryl group and in which 
the -Ra- group represents an alkylene, alkenylene, or alkynylene chain, respectively. 

The various radicals may optionally be interrupted by one or more heterocyclic atoms 
selected, in particular, from among O, S, N, and Si; or by -(C=0)-, -(C=S)-, -S0 2 - or -SO- 
groups, or secondary or tertiary amines. They may be substituted by any type of group that 
cannot interfere with the polymerization reaction and that cannot cause parasitic reactions 
between the compounds that are present. In particular, they may be substitute by one or 
more groups, which may be identical or different, selected from among a halogen atom, a 
silyl group, or an -OH, alkoxy, -SH, thioalkoxy, -NH 2 , mono- or di-alkylamine, -CN, -COON, 
ester, amine, or perfluoroalkyl group. Any of the said substituents may optionally be interrupted 
by one or more heterocyclic atoms. Those skilled in the art will be able to select the various 
groups and substituents present in the compounds that are employed, so as to avoid any 
undesirable secondary reactions. 

The living organic polymer (A) employed in the procedure according to the invention is 
preferably a polymer that was obtained through a procedure that implemented living 
radical polymerization, using at least one reversible addition-fragmentation transfer 
agent, such as a dithioester, xanthate, dithiocarbamate, thioether-thione, 
trithiocarbonate, or dithiophosphoric ester, and that has, at least at one end of its chain, 
a reactive dithiocarbonyl or dithiophosphoryl portion derived from the said reversible transfer 
agents. 

For example, the living organic polymers (A) employed in the procedure according to 
the invention may be polymers that were obtained through a controlled radical 
polymerization procedure that was implemented by placing in contact one or more 
ethylenically unsaturated monomers, at least one free-radical source, and at least 
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one reversible transfer agent of the type described hereinabove. More specifically, the 
living organic polymers utilized in the procedure according to the invention may be sequenced 
polymers that were obtained through a copolymerization procedure consisting of N 
successive radical polymerization stages (where N is greater than or equal to 2), with the 
first of the said stages consisting of a controlled radical polymerization achieved by 
placing in contact one or more ethylenically unsaturated monomers, at least one free- 
radical source, and at least one reversible transfer agent of the type described 
hereinabove, and with the (N-1) subsequent stages consisting of controlled radical 
polymerizations achieved by placing in contact one or more ethylenically unsaturated 
monomers that are different from the ones employed in the preceding stage, at least 
one free-radical source, and the living polymer compound resulting from the 
preceding stage. 

Thus, the living organic polymers (A) utilized in the procedure according to the 
invention may advantageously be polymers resulting from a copolymerization procedure 
selected, for example, from among the procedures described in patent applications 
No. WO 98/01478 and No. WO 99/35178, which employ reversible transfer agents of the 
dithioester or dithiocarbamate type, or from among the procedures described in patent 
applications No. WO 98/58974, No. WO 00/75207, and No. WO 01/042312, which employ 
reversible transfer agents of the xanthate type. The polymers in question may also be 
polymers that were obtained through one of the procedures described in patent application 
No. WO 99/35177 or No. WO 99/31 144, which use reversible transfer agents of the 
dithiocarbamate type, or else through the procedure described in French patent 
application No. 2,794,464, which employs reversible transfer agents of the thioether-thione 
type. 

In one particular embodiment of the invention, the living organic polymers (A) 
utilized in the procedure according to the invention may also be the result of the 
procedure that employs reversible transfer agents of the dithiophosphoric ester type, 
such as the procedure described in French patent No. 00-109952, filed on July 28, 
2000 by the present applicant, i.e., through a procedure that includes at least one 
stage consisting of the radical polymerization of a compound containing: 

- At least one ethylenically unsaturated monomer; 
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- One free-radical source; and 

- At least one dithiophosphoric ester compound having the following general formula (F): 

S 
II 

R 2 — P— S— Ri 
I 

,R 3 (F) 

in which: 

- Ri represents: 

• An alkyl, acyl, aryl, aralkyl, alkene, or alkyne group, and preferably an alkyl 
group, which is advantageously substituted; 

• An aromatic carbon ring or heterocyclic compound, either saturated or 
unsaturated, which may optionally be substituted; 

• A polymer chain, for example, a chain resulting from a radical or ionic 
polymerization procedure or from a polycondensation procedure; 

- R 2 and R 3 , which may be identical or different, represent: 

• A hydrogen atom; 

• -S-R 4 , where "R 4 " has one of the meanings mentioned hereinabove for Ri ; 

• An alkyl, acyl, aryl, aralkyl, or alkyne radical, which may optionally be 
substituted; 

• An aromatic carbon ring or heterocyclic compound, either saturated or 
unsaturated, which may optionally be substituted; 
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or else R 2 and R 3 together represent the atoms required to form an aromatic carbon 
ring or heterocyclic compound, either saturated or unsaturated, which may 
optionally be substituted; and 

- "p" is between 2 and 10, inclusive; 

the Ri, R 2 , and R 3 groups may be substituted, preferably by phenyl groups, which 
may optionally be substituted; aromatic groups, which may optionally be substituted; 
saturated or unsaturated carbon rings; saturated or unsaturated heterocyclic compounds; 
or alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxy (-COOH), acyloxy (-0 2 CR), 
carbamoyl (-CONR 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy (-OH), 
amino (-NR 2 ), halogen, perfluoroalkyl C n F 2n+1 , allyl, epoxy, alkoxy (-OR), S-alkyl, or 
S-aryl groups; hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; 
the alkaline salts of sulfonic acid; poly(alkylene oxide) chains (of the poly(ethylene 
oxide) or poly(propylene oxide) type); or cationic substituents (quaternary ammonium 
salts), where "R" represents an alkyl or aryl group, or a polymer chain. 

The optionally substituted alkyl, acyl, aryl, aralkyl, or alkyne groups that are present 
within the dithiophosphoric esters having the formula (F) usually have 1 to 20, and 
advantageously 1 to 12, and most preferably 1 to 9 carbon atoms. They may be linear or 
branched. They may also be substituted by oxygen atoms (especially in the form of 
esters), sulfur atoms, or nitrogen atoms. 

The alkyl radicals that can be envisioned include, in particular the methyl, ethyl, propyl, 
butyl, pentyl, isopropyl, tert-butyl, pentyl [sic], hexyl, octyl, decyl, and dodecyl radicals. 

The aryl radicals include, in particular, the phenyl radical, which may optionally be substituted, 
especially by a nitro- or hydroxyl group. 

The aralkyl radicals include, in particular, the benzyl and phenethyl radicals, which 
may optionally be substituted, especially by a nitro- or hydroxyl group. 
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In this particular embodiment, the dithiophosphoric ester having the formula (F) may 
advantageously be a compound in which the Ri group is selected from among the following 
groups: 

— CH2C6H5 
-CH(CH 3 )(C0 2 Et) 

-CH(CH 3 )(C 6 H 5 ) 
-CH(C0 2 Et) 2 

- C(CH 3 )(C0 2 Et)(S-C 6 H 5 ) 
-C(CH 3 ) 2 (C 6 H 5 ) 
-C(CH 3 ) 2 CN 

or: 

H O 
I II 

— C— C— Ph 
I 




where the "Et" symbol represents an ethyl group and the "Ph" symbol represents a phenyl 
group. 

Regardless of their exact structure, the dithiophosphoric esters having the formula (F) 
are readily available. In particular, they can be obtained through a reaction between P4S10, 
K 2 C0 3> and a halogenated derivative, in accordance with a procedure described (for 
example) by Nizamov et al., in Phosphorous [sic], Sulfur, and Silicon, Vol. 132 (1998), 
pp. 85-100. Another method of obtaining the compounds having the formula (F) consists 
of causing a reaction between an alkaline metal salt of a dithiophosphonic acid and a 
halogenated derivative. On this subject, see Mastryukova et al. ( Bull. Acad. Sci. USSR. Div. 
Chem. Sci (English translation), Vol. 27 (1978), page 1917). 

In another possible embodiment, the living organic polymers (A) utilized in the 
procedure according to the invention may also be hybrid silicone-and-organic copolymers 
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obtained through a preparation procedure consisting of thermally activated radical 
polymerization, of the type described in French patent application No. 00/09722, filed by 
the present applicant on July 25, 2000, i.e., hybrid silicone-and-organic copolymers that 
include (r) x (u) y SiO[4-(x+y)]/2 groups, in which: 

- x is equal to 0, 1, 2, or 3; y is equal to 0, 1, 2, or 3; with 2 < (x+y) < 3, and the value of y is 
other than 0 for at least one of the groups in the hybrid copolymer; 

- The x (r) groups, which may be identical or different, individually represent: 

• A linear or branched alkyl radical containing from 1 to 8 carbon atoms, optionally 
substituted by at least one halogen atom, preferably a fluorine atom, and with the 
alkyl radicals preferably being methyl, ethyl, propyl, octyl, and 3,3,3-trifluoropropyl 
radicals; 

• A cycloalkyl radical containing from 5 to 8 cyclic carbon atoms, which may 
optionally be substituted; 

• An aryl radical containing from 6 to 12 carbon atoms, which may optionally be 
substituted, and which is preferably a phenyl or dichlorophenyl radical; 

• An aralkyl portion consisting of an alkyl portion containing from 5 to 14 carbon 
atoms and an aryl portion containing from 6 to 12 carbon atoms, optionally 
substituted, on the aryl portion, by halogen atoms, alkyls, and/or alkoxyls 
containing from 1 to 3 carbon atoms; 

- The y (u) groups, which may be identical or different, individually represent a group 
[having the following formula]: 
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in which: 



- z, which may be different from one (u) group to another, represents a carbon 
atom, a sulfur atom, an oxygen atom, a phosphorus atom, a nitrogen atom, and/or 
a free valence, and preferably represents a sulfur or oxygen atom; 



- x f = 1 , 2, 3, or 4, depending on the valence of z; 



- each of the r 1 groups, which may be identical or different, represents: 



- an alkyl, acyl, aryl, alkene, or alkyne group, which may optionally be 
substituted; a carbon ring, which may be saturated or unsaturated, and optionally 
substituted and/or aromatic; and/or a heterocyclic compound, which may be 
saturated or unsaturated, and optionally substituted, which groups, rings and 
heterocyclic compounds may be substituted by substituted phenyl groups, 
substituted aromatic groups, or any of the following groups: alkoxycarbonyl or 
aryloxycarbonyl (-COOr 5 ), carboxy (-COOH), acyloxy (-0 2 Cr 5 ), carbamoyl (- 
CON(r 5 ) 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy (- 
OH), amino (-N(r 5 ) 2 ), halogen, allyl, epoxy, alkoxy (-Or 5 ), S-alkyl, or S-aryl groups; 
hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; the alkaline 
salts of sulfonic acid; polyalkylene oxide chains (PEO or POP); or cationic substituents 
(quaternary ammonium salts), wherein the r 5 groups, which may be identical or 
different, represent an alkyl or aryl group, and/or a polymer chain; 



- A group having the formula -C n F (2n +i >, in which "n" is between 1 and 20; 
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- A group having the following formula: 

re Or« 
— C-P=0 
r 7 Or9 

in which: 

- r 6 and r 7 , which may or may not be identical, are selected from among: 

- A halogen group, -N0 2 , -S0 3 r 10 , -NCO, -CN, -Or 10 , -Sr 1 °, -N(r 1 °) 2 , - 
COOr 10 , -0 2 Cr 1 °, -C0N(r 1 °) 2 , -NC0(r 1 °) 2 , and -CnF (2n +i >, in which "n" is 
between 1 and 20, and preferably equal to 1, and r 10 represents a hydrogen atom 
or an alkyl, alkenyl, alkynyl, cycloalkenyl, cycloalkynyl, alkaryl, aralkyl, heteroaryl, 
or aryl radical, which may optionally be condensed to an aromatic or non- 
aromatic heterocyclic compound; which radicals may optionally be substituted 
by one or more groups, which may be identical or different, selected from 
among the halogen atoms or from among the =0, =S, -OH, alkoxy, SH, 
thioalkoxy, NH 2 , mono- or di-alkylamine, CN, COOH, ester, amide, and 
CnF (2n +i) groups, and/or which may optionally be interrupted by one or more 
atoms selected from among O, S, N, and P; 

- A heterocyclic group, which may optionally be substituted by one or more 
groups, as defined previously, wherein r 6 and r 7 , along with the carbon atom to 
which they are attached, form a C=0 or C=S group, a hydrocarbon ring, or a 
heterocyclic compound; and 

- r 8 and r 9 , which may be identical or different, represent a group as defined 
hereinabove for r 1 °; or together form a hydrocarbon chain having 2 to 4 carbon 
atoms, optionally interrupted by a heterocyclic atom selected from among O, S, 
and N; 
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- V and V 1 , which may be identical or different, represent a hydrogen atom (H), an alkyl 
group, or a halogen atom; 

- X and X 1 , which may be identical or different, represent a hydrogen atom (H), a 
halogen atom, or an R 4 , OR 4 , 0 2 C0R 4 , NHCOH, OH, NH 2 , NHR 4 , N(R 4 ) 2 , 
(R 4 ) 2 N + 0~, NHCOR 4 , C0 2 H, C0 2 R 4 , CN, C0NH 2 , CONHR 4 , or C0NR 4 2 group, 
in which R 4 is selected from among the alkyl, aryl, aralkyl, alkaryl, alkene, or 
organosilyl groups, which may optionally be perfluorinated and which may optionally be 
substituted by one or more carboxyl, epoxy, hydroxyl, alkoxy, amino, halogen, or 
sulfonic groups; 

- r 2 and r 3 , which may be identical or different, represent: 

- a hydrogen atom; 

- an alkyl, acyl, aryl, alkene or alkyne group, which may optionally be 
substituted; a carbon ring, which may be saturated or unsaturated, optionally 
substituted, and/or aromatic; a heterocyclic compound, which may be 
saturated or unsaturated, optionally substituted; alkoxycarbonyl or 
aryloxycarbonyl (-COOR 5 ), carboxy (-COOH), acyloxy (-0 2 CR 5 ), carbamoyl (- 
C0NR 5 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy 
(-OH), amino (-NR 5 2 ), halogen, allyl, epoxy, alkoxy (-OR 5 ), S-alkyl, or S-aryl 
groups; hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; 
the alkaline salts of sulfonic acid; polyalkylene oxide chains; or cationic substituents 
(quaternary ammonium salts), wherein the R 5 groups, which may be identical or 
different, represent an alkyl or aryl group, and/or a polymer chain, with the said 
radicals, rings, and heterocyclic compounds optionally being substituted by 
substituted phenyl groups, substituted aromatic groups, or any of the following 
groups: alkoxycarbonyl or aryloxycarbonyl (-C00R 5 ), carboxy (-COOH), acyloxy 
(-0 2 CR 5 ), carbamoyl (-CONR 5 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, 
guanidine, hydroxy (-OH), amino (-NR 5 2 ), halogen, allyl, epoxy, alkoxy (-OR 5 ), S- 
alkyl, or S-aryl groups; hydrophilic or ionic groups, such as the alkaline salts of 
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carboxylic acids; the alkaline salts of sulfonic acid; polyalkylene oxide chains (PEO 
or POP); or cationic substituents (quaternary ammonium salts), wherein the R 5 
groups, which may be identical or different, represent an alkyl or aryl group, and/or 
a polymer chain; 

- w, which may be different from one (u) group to another, represents a divalent 
radical selected from among -0-, -NR 4 -, -NH-, and -S-; 

- Sp, which may be different from one (u) group to another, represents an 
organic divalent radical having the formula -(CH 2 )xin-, in which x m is between 1 
and 20, which radical may be substituted and/or which may contain at least one 
heterocyclic atom; 

-a = 0 or 1; 

- m > 1, and when m > 1, the repetitive unitary groups with the "m" index 
are identical or different. 

These specific polymers, which are advantageously in the form of a hybrid silicone-and- 
organic copolymer, consisting of a linear silicone skeleton containing from 1 to 300 (and 
preferably from 1 to 200) (r) x (u) y SiO[4-(x+y)]/2 groups, and a total of 1 to 50 "u" radicals, 
and preferably from 1 to 10 V radicals, can be obtained in accordance with a procedure 
that consists of causing a reaction in a mixture that includes: 

-A radical polymerization initiator; 

- At least one ethylenically unsaturated monomer having the following formula: 

CXX , (=CV-CV) a =CH 2 

and 

- One precursor silicone compound that includes groups, which may be identical 
or different, having the following formula: 
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f x U ySiO[4-(x+y)]/2 



in which: 



- r, x, and y have the meanings indicated hereinabove, and 

- The y (u f ) radicals, which may be identical or different, are monovalent radicals 
having the following formula: 



S Q 
II II 
C— S— Cr 2 r 3 — C— w— Sp- 



(r 1 k-z 



wherein r\ x\ z, r 2 , r 3 , w, and Sp are as defined hereinabove, and the (u') 
radicals are preferably selected from among the following radicals: 



— (CHak— O CH 3 

V-Y 
ff\ 

o s 



Z(R V 




(CH 2 >3— O CN 



— {CH^— S CH 3 

o s 



H 

— (CH^j-l/ CH 3 



Me 

— (CHj)3~^ CH 3 

o s 
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wherein R 1 represents a group that corresponds to the definition of the r 1 
group, as stated hereinabove. 

The precursor silicone compound utilized in the procedure for the preparation of hybrid 
copolymers is obtained by causing a reaction between: 

(i) A silicone that includes groups having the following formula: 

R x U"ySiO[4_( x +y)]/2 

in which the monovalent IT radical has the following formula: 



r ^ 

L CR2'R3-(C=0)-W-Sp 



J 



in which: 



- W and Sp are as defined hereinabove; 



- L is an electrofuge group, such as (for example) Br , CI , I , OTs , OMs , 
(C 6 H 6 H^0K)" (CH 3 )-(C=0)-Cr, and (CF 3 MC=0)-Cr; and 

(ii) A compound selected from among the compounds having the following general formulas: 



c-s- 



C-S\ M* 



2+ 



(RV — Z 



/ 



(IX) 



(R 1 )x' Z 



(X) 



c-s- 



(Rf)X 1 Z 



(XI) 



and - 



n 
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in which: 

- M ,+ represents K + , Na + , NR4 + , or PRV, and R is defined in the same way as R in 
formula (I); 

- M" 2 "" represents an alkaline-earth metal, such as Ca 2 " 1 ", Ba 2 " 1 " or Sr 2 " 1 "* 4 "; 

- M ,M represents Zn or Cd; "m" is equal to 1 or 2; "n" is equal to 1, 2, 3, or 4; and 
"m" is preferably equal to 1 and "n" is preferably equal to 2. 

The silicone having this formula can be obtained, in particular, (i) from a silicone 
that includes groups having the formula: R x U B, ySiO[4-(x+y)]/2. in which the monovalent IT 
radical has the formula -Sp-W, and (ii) from a compound having the following formula: 



/ 
L 



H 



In accordance with another possible embodiment, the living organic polymers (A) utilized in the 
procedure according to the invention can also be so-called "star-shaped" polymers, such as the 
ones obtained through a procedure of the type described in French patent application No. 01- 
05144, filed on April 13, 2001 by the present applicant, i.e., a procedure that includes a 
stage consisting of the radical polymerization of a compound that includes: 

- One free-radical source; and 

- At least one polymer compound that was obtained through a living radical 
polymerization procedure and that has, at the end of the chain, at least one reactive 
dithiocarbonyl or dithiophosphoryl group; and 

- At least one reticulating (crosslinking) monomer; 
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with the said reticulating (crosslinking) monomer being selected from among organic 
compounds that are known to be reactive via the radical approach and that have from 2 to 
10, and preferably only 2, ethylenic unsaturated bonds, which monomer can advantageously 
be selected from among the acrylic, methacrylic, acrylamide, methacrylamide, vinyl ester, 
vinyl ether, diene, styrene, alpha-methyl styrene, and allyl derivatives. 

In an especially preferential way, the living organic polymers (A) utilized in the 
procedure according to the invention are polymers that are obtained through a 
polymerization or copolymerization procedure that includes at least one controlled radical 
polymerization stage that employs a reversible addition-fragmentation transfer [RAFT] 
agent selected from among a xanthate, a dithiocarbamate, and a dithioester. The said 
polymers advantageously consist of living polymers obtained through the use of transfer 
agents of the xanthate type. 

The phrase "free-radical source," within the context of the invention, refers broadly to 
any and all compounds or mixtures of compounds that can lead to the formation of radical 
species under appropriate working conditions (thermal activation, irradiation, etc.). The said 
compound or mixture of compounds is utilized under the required conditions. The free-radical 
source (B) utilized in the procedure according to the present invention is a compound or a 
mixture of compounds that leads to the formation of free radicals as a result of the effect of 
thermal treatment. Thus, it may (for example) involve a radical polymerization initiator of 
the standard type. Thus, the free-radical source (B) utilized in the procedure according to the 
invention may, in particular, be selected from among: 

- hydrogen peroxides, such as tert-butyl hydroperoxide, cumene hydroperoxide, t-butyl- 
peroxyacetate, t-butylperoxybenzoate, t-butylperoxyoctoate, t-butylperoxyneodecanoate, 
t-butyl peroxyisobutyrate, lauroyl peroxide, t-amyl peroxypivalate, t-butyl 
peroxypivalate, dicumyl peroxide, benzoyl peroxide, potassium persulfate, or even 
ammonium persulfate; 

- azo compounds, such as 2-2 , -azobis(isobutyronitrile), 2,2 , -azobis(2-butanenitrile), 4,4- 
azobis(4-pentanoic acid), 1,1'-azobis(cyclohexane-carbonitrile), 2-(t-butylazo)-2- 
cyanopropane, 2,2 , -azobis[2-methyl-N-(1 ,1 )-bis(hydroxymethyl)-2-hydroxyethyl] 
propionamide, 2,2 , -azobis(2-methyl-N-hydroxyethyl]-propionamide, 2,2 l -azobis(N,N'- 
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dimethyleneisobutyramidine) dichloride, 2,2'-azobis(2-amidinopropane) dichloride, 2,2'- 
azobisfN.N'-dimethylene isobutyramide), 2,2'-azobis(2-methyl-N-[1 ,1-bis(hydroxymethyl)- 
2-hydroxyethyl] propionamide), 2,2'-azobis(2-methyl-N-[1 f 1 -bis(hydroxymethyl)ethyl] 
propionamide), 2,2 , -azobis[2-methyl-N-(2-hydroxyethyl)propionamide], or even 2,2'-azobis 
(isobutyramide) dihydrate; or 

- Redox systems that include combinations such as (for example): 

- Mixtures of hydrogen peroxide, alkyl peroxide, peresters, percarbonates, 
and similar compounds, and a compound selected from among an iron salt, a 
titanium salt, zinc formaldehyde sulfoxylate, or sodium formaldehyde sulfoxylate, and 
reducing sugars; 

- Persulfates, perborates, or perchlorates of alkaline metals or ammonium 
persulfates, perborates, or perchlorates, in association with an alkaline metal bisulfite, 
such as sodium metabisulfite, and reducing sugars; and 

- Alkaline metal persulfates in associate with an arylphosphonic acid, such as 
benzene phosphonic acid, and other similar acids, and reducing sugars. 

The free-radical source (B) according to the invention preferably includes a peroxide, which, 
if used, is advantageously selected from among the compounds having one of formulas (I) through 
(IV) below: 



o—o 



O 



0 



0 



o 



FT— 0 



II 



0 




0-R" 



o 



(III). 



and 



R'— 0 



O 



0-R 



O 



(IV). 
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in which the R' and R" groups, which may be identical or different, represent linear or branched 
alkyl groups, or aryl or aralkyl groups, which may optionally be substituted. 

Examples of peroxides that are particularly well suited to use as a free-radical 
source (B) according to the invention include, specifically, diisobutyryl peroxide, cumyl 
peroxyneodecanoate, ter-amyl peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, 
tert-butyl peroxyneodecanoate, dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, 
dimyristyl peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl peroxypivalate, 
didecanoyl peroxide, tert-amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 1,4- 
di(tert-butylperoxycarbo)cyclohexane, tert-butyl peroxyacetate, tert-butyl peroxybenzoate, 
di-tert-amyl peroxide, tert-butyl cumyl peroxide, bis-tert-butyl peroxide, dicumyl peroxide, 
dilauroyl peroxide, and di(4-tert-butylcyclohexyl)peroxydicarbonate. 

Regardless of its exact nature, the free-radical source (B) implemented in the procedure 
according to the invention is utilized under conditions that allow the production of free radicals, 
which is generally done via thermal activation, i.e., by raising the temperature of the reaction 
medium, usually to a temperature on the order of room temperature (approximately 20°C) to 
200°C, and preferably from 40°C to 180°C, and advantageously from 80°C to 160°C. 

The free-radical source utilized may be introduced into the reaction medium in 
one single increment. However, it may also be introduced gradually, either by portions 
or continuously. 

The quantity of the free-radical source depends on its effectiveness and on the manner 
in which the source is introduced. The free-radical source that is utilized is advantageously 
introduced in a quantity such that the amount of free radicals that can be released by the 
said source is between 50% and 200% (molar), and preferably between 100% and 150% 
(molar), in relation to the total molar amount of the dithiocarbonyl or dithiophosphoryl 
groups in all of the living organic polymers that are present in the medium. 

Another characteristic of the procedure according to the invention is the specific 
use of an organic compound (C) that contains a labile hydrogen atom. 
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The term "labile hydrogen atom," as used within the context of the invention, 
refers to a hydrogen atom that is attached to the organic compound by a sigma bond 
that is so weak that a homolytic radical rupture can occur. 

Without wishing to be constrained in any way to a single particular theory, it can 
nevertheless be suggested that, in the procedure according to the invention, free radicals 
(designated herein as "RL-"), obtained from the free-radical source employed, react with 
the dithiocarbonyl group -S(C=S)-R (or -S(P=S)-R) in the living organic polymer, so as to 
form radical species, in accordance with the following reaction diagram: 

(Pol)-S(C=S)-R + RL- <=> (Pol)- + RL-S(C=S)-R 

where (Pol) designates the polymer chain. The same reaction diagram can be applied for the - 
S(P=S)- group. 

The organic compound that contains a labile hydrogen atom, as utilized in 
accordance with the invention (designated as "Org-H"), can be assumed to act as a transfer 
agent for the hydrogen atom, reacting on the resulting (Pol)- radical in accordance with the 
following reaction diagram: 

(Pol)- + Org-H -> (Pol)H + Org- 

In any event, regardless of the exact mechanism employed in the procedure 
according to the invention, the outcome of the procedure consists of the substitution of 
the dithiocarbonyl or dithiophosphoryl group(s), as initially present in the living organic 
polymer, by one or more hydrogen atoms. 

The organic compound (C) that contains a labile hydrogen atom that is utilized 
according to the invention is preferably selected from among: 

- The secondary alcohols having the formula (HO)CH(R , )(R M ); 
-The mercaptans having the formula R MI SH; 

- The phosphites having the formula (0=)PH(-OR lv )(-OR v ); 

- The silanes having the formula R vl R VM R v,,, SiH; or 
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-The acetals having the formula R ,x CH(OR x )(OR xl ); 

wherein the R\ R M , R ,M , R ,v , RV, R vl , R VN , R vm , R ,x , R x , and R XI groups represent, 
independently of each other, an alkyl, cycloalkyl, alcoxy, alkene, acyl, aryl, aralkyl, aralkenyl, or 
aralkynyl radical, which radicals may optionally be substituted. 

The said organic compound (C) that contains a labile hydrogen atom is 
advantageously selected from among 2-propanol, 2-butanol, 2-octanol, mercaptoethanol, 
diethyl phosphite, benzaldehyde dimethylacetate, and dimethylphenylsilane. More 
specifically, the said organic compound (C) is 2-propanol. 

Furthermore, the organic compound (C) that contains a labile hydrogen atom, as 
employed according to the invention, is usually an organic compound that is capable of 
serving as a solvent for the living polymer utilized, which has at the end of the chain at 
least one reactive dithiocarbonyl or dithiophosphoryl group. In this case, the quantity of the 
compound (C) that is employed usually consists of 1 to 50,000 molar equivalents, and 
preferably from 2 to 10,000 molar equivalents, in relation to the polymer (A). 

If this compound is not capable of performing this function, the reaction is preferably 
conducted in the presence of a co-solvent, which, if used, is selected in particular from among 
water, ethanol, toluene, and tetrahydrofuran (THF). In this case, the quantity of the compound 
(C) that is employed usually consists of 1 to 200 molar equivalents, and advantageously from 
20 to 100 molar equivalents, in relation to the polymer (A). 

In the most general case, the compound (C) is employed at a ratio of 1 to 50,000 
molar equivalents, and preferably from 2 to 10,000 molar equivalents, in relation to the 
polymer (A). 

Furthermore, in the procedure according to the invention, the stage consisting of 
placing in contact the living polymer (A), the free-radical source (B), and the organic 
compound containing a labile hydrogen atom (C) usually takes place at a temperature 
that is high enough to allow the effective priming of the free-radical source. However, in 
most cases it is likewise preferable for the said temperature to be lower than, or equal to, 
the boiling point of the various reagents being employed. Otherwise the procedure 
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according to the invention must be implemented under pressure. Of course, doing so does not 
compromise the overall effectiveness of the procedure; however, operating under pressure 
can translate into higher implementation costs. 

Therefore, in the most general case, operating at atmospheric pressure, this stage is 
preferably conducted at a temperature between 0°C and 200°C. This operating temperature is 
preferably above 20°C and advantageously below 180°C. Therefore, this temperature is 
typically between 40°C and 160°C. 

The following non-limitative examples illustrate the procedure according to the 
invention. 

EXAMPLES 

Example 1 : 

[a] Synthesis of an O-ethyl xanthate terminated polyacrylic acid: 

The following compounds were placed in a two-necked flask capped by a cooling device: 7 g 
of acrylic acid, 28 g of ethanol, 2.02 g of S-ethylpropionyl O-ethyl xanthate, and 0.48 g 
of azobis-isobutyronitrile. The mixture was brought to a temperature of 70°C for 4 hours. 
The resulting polyacrylic acid had the following properties: Mn = 2950 g/mole, Mw/Mn = 
1.19. 

"Mn" is the mean molecular mass, expressed as a number. It was measured by steric 
exclusion chromatography (SEC) in water, with relative calibration using ethylene polyoxide. 

Mw/Mn is the polymolecularity index (as provided via SEC). "Mw" is the mean 
molecular weight. 

[b] Radical reduction of the O-ethyl xanthate terminated polyacrylic acid 
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A sample was taken that consisted of 20 ml of the polyacrylic acid solution obtained in 
Example 1, and 27.8 g of 2-propanol were added to this sample. The mixture was then 
brought to a temperature of 80°C. Then 0.37 g of dilauroyl peroxide was introduced every 
2 hours for 14 hours. 

The system was kept at the above-mentioned temperature for an additional 3 hours. At the 
end of the reaction, the raw reaction product was analyzed via SEC in water. During UV 
detection at 290 nm (the wavelength at which the S(C=S) xanthate group is very 
strongly absorbent), complete disappearance of the signal was observed. This 
observation is typical of the total reduction of the end of the xanthate chain. 

Likewise, after purification of the sample via liquid-liquid extraction (hexane/ether), the analysis 
of the purified polyacrylic acid via proton-based and carbon-based NMR [nuclear magnetic 
resonance] revealed the absence of the signals that are typical of the xanthate end [of the 
chain]. 

Example 2 : 

- Radical reduction of the O-ethyl xanthate terminated polyacrylic acid 

A sample was taken that consisted of 20 ml of the polyacrylic acid whose synthesis was 
described hereinabove, and 27.8 g of 2-propanol were added to this sample. The mixture 
was then brought to a temperature of 80°C. Then 3.7 [g] of p-di-t-butylcyclohexyl 
percarbonate were introduced, and the reaction was conducted at this temperature for 5 
hours. 

At the end of the reaction, the raw reaction product was analyzed via SEC in water. 
During UV detection at 290 nm (the wavelength at which the S(C=S) xanthate group is 
very strongly absorbent), complete disappearance of the signal was observed. This 
observation is typical of the total reduction of the end of the xanthate chain. 

Likewise, after purification of the sample via liquid-liquid extraction (hexane/ether), the 
analysis of the purified polyacrylic acid via proton-based and carbon-based NMR revealed 
the absence of the signals that are typical of the xanthate end [of the chain]. 
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CLAIMS 



Procedure for the preparation of a polymer, which procedure includes a stage 
consisting of placing in contact: 

(A) At least one living organic polymer having, at the end of its chain, at least one 
reactive dithiocarbonyl or dithiophosphoryl group; 

(B) At least one free-radical source; and 

(C) At least one organic compound containing a labile hydrogen atom. 

Procedure according to Claim 1, characterized in that the said reactive 
dithiocarbonyl or dithiophosphoryl group that is present at the end of the chain in 
polymer (A) is a -S(C=S)-R or -S(P=S)-R group, where "R" designates: 

(i) An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl or alkynyl, acyl, aryl, aryl-alkyl, 
aryl-alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic 
compound, or a polymer chain; 

(ii) An -OR a radical, in which R a designates a group selected from among: 

- An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl, alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, 
or else a polymer chain; 

- A -CR b R c PO(OR d )(OR e ) group, in which: 

- R b and R c represent, independently of each other, a hydrogen atom, a 
halogen atom, a perfluoroalkyl group, a carbon ring, or a heterocyclic 
compound; or else a -N0 2 , -NCO, or -CN group; or a group selected from 
among the groups of the following type: -R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , - 
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OOCR f , -C0NR f R 9 , or S0 3 R f , in which R f and R 9 independently 
designate an alkyl, alkenyl, alkynyl, aryl, aryl [sic; "acyl" is most probably the 
intended word here - Tr.], aryl-alkyl, aryl-alkenyl, or aryl-alkynyl group; 



or else R b and R c form, along with the carbon atom to which they are 
attached, a C=0 or C=S group, or else a hydrocarbon ring or a 
heterocyclic compound; and 

- R d and R e represent, independently of each other, a radical 
corresponding to one of the definitions given hereinabove for the R f 
group; 

or else R d and R e together form a hydrocarbon chain containing from 2 to 
4 carbon atoms, optionally interrupted by an -0-, -S-, or -NR h - group, 
where "R h " corresponds to one of the definitions given hereinabove for the 
R f group; 

(iii) a -NR'R J group; wherein: 

- R' and R j represent, independently of each other, a radical selected from 
among an alkyl, halogenoalkyl, alkenyl, alkynyl, acyl, ester, aryl, aryl-alkyl, 
aryl-alkenyl, or aryl-alkynyl group, or a carbon ring; or 

- R 1 and R j together form a hydrocarbon chain containing from 2 to 4 carbon 
atoms, optionally interrupted by an -0-, -S-, or -NR H - group, where M R H " 
corresponds to one of the definitions given hereinabove for the R f group, with 
the said hydrocarbon chain advantageously forming a ring, consisting of 5 
groups, with the nitrogen atom to which R' and R j are attached, 

with the R' and R j radicals preferably inducing an electro-attractive or derealization 
effect with respect to the electronic density of the nitrogen atom to which they are 
attached. 
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Procedure according to Claim 1, characterized in that the living organic polymer 
(A) is a polymer resulting from a procedure that implements living radical 
polymerization, using at least one reversible addition-fragmentation transfer 
agent, such as a dithioester, xanthate, dithiocarbamate, thioether-thione, trithiocarbonate, 
or dithiophosphoric ester. 

Procedure according to Claim 3, characterized in that the polymer (A) is obtained through a 
polymerization or copolymerization procedure that includes at least one radical polymerization 
stage that is controlled through the use of a reversible addition-fragmentation transfer agent 
selected from among a xanthate, a dithiocarbamate, or a dithioester. 

Procedure according to any one of claims 1 through 3, characterized in that the free-radical 
source (B) includes a peroxide selected from among the compounds having one of formulas 
(I) through (IV) below: 



R 1 — n— O — O— n— R" 



o o 



R'— O— n— 0 0~[pO-R" 



0 0 (Ml), 



and 



R'— O— rr— O— O-R" 

(IV), 



IT 
o 



in which the R' and R" groups, which may be identical or different, represent linear or 
branched alkyl groups, or aryl or aralkyl groups, which may optionally be substituted. 



Procedure according to Claim 5, characterized in that the free-radical source (B) includes a 
peroxide selected from among diisobutyryl peroxide, cumyl peroxyneodecanoate, ter-amyl 
peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, tert-butyl peroxyneo- 
decanoate, dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, dimyristyl 
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peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl peroxypivalate, 
didecanoyl peroxide, tert-amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 
1 ,4-di(tert-butylperoxycarbo)cyclohexane, tert-butyl peroxyacetate, tert-butyl 
peroxybenzoate, di-tert-amyl peroxide, tert-butyl cumyl peroxide, bis-tert-butyl peroxide, 
dicumyl peroxide, dilauroyl peroxide, and di(4-tert-butylcyclohexyl)peroxydicarbonate. 

7. Procedure according to any one of claims 1 through 6, characterized in that the free-radical 
source (B) is introduced in a quantity such that the amount of free radicals that can be 
released by the said source is between 50% and 200% (molar) in relation to the total molar 
amount of the dithiocarbonyl or dithiophosphoryl groups present in all of the living 
organic polymers (A). 

8. Procedure according to any one of claims 1 through 7, characterized in that the organic 
compound (C) containing a labile hydrogen atom is selected from among: 

- The secondary alcohols having the formula (HO)CH(R , )(R 11 ), 

- The mercaptans having the formula R m SH, 

- The phosphites having the formula (0=)PH(-OR ,v )(-OR v ), 

- The silanes having the formula R vl R vl, R vl,l SiH, or 

- The acetals having the formula R lx CH(OR x )(OR xl ), 

wherein the R 1 , R M , R 1 ", R ,v , R v , R VI , R vn , R VI ", R ,x , R x , and R XI groups represent, 
independently of each other, an alkyl, cycloalkyl, alcoxy, alkene, acyl, aryl, aralkyl, 
aralkenyl, or aralkynyl radical, which radicals may optionally be substituted. 



9. Procedure according to any one of claims 1 through 8, characterized in that the organic 
compound (C) is utilized at a ratio of 1 to 50,000 molar equivalents, and preferably of 2 to 
10,000 molar equivalents, in relation to the polymer (A). 

10. Procedure according to any one of claims 1 through 9, characterized in that the stage 
consisting of placing in contact the living polymer (A), the free-radical source (B), and the 
organic compound containing a labile hydrogen atom (C) takes place at a temperature 
between 0°C and +200°C. 
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PROCEDE DE REDUCTION RADICALAIRE DE FONCTIONS DITHIOCARBONYLEES 
OU DITHIOPHOSPHORYLEES PORTEES PAR UN POLYMERE 

La presente invention a trait a un procede de reduction radicalaire 
de fonctions dithiocarbonylees ou dithiophosphorylees portees par un polymere 
.5 issu d'une polymerisation radicalaire vivante, donnant en particulier acces a des 
polyrneres a architecture controlee, et en particulier a des copolymeres 
sequences, ne presentant pas de telles fonctions dithiocarbonylees ou 
dithiophosphorylees. 

* 

Dans la pr6sente description, en Pabsence dedications contraires, 
10 le terme "polymere" sera utilise pour designer, au sens large, aussi bien des 
homopolymeres que des copolymeres. Les polyrneres peuvent correspondre a 
des polyrneres (homopolymeres) ou des copolymeres (statistiques, diblocs, 
triblocs, greffes ou en etoile, ou hyperramifies) 

De fagon plus specifique, au sens de invention, on entend par 
15 "polymere a architecture controlee* un polymere a base de deux ou plusieurs 
monomeres presentant un agencement contr6le de ces differentes unites 
monom&res le constituant. 

Par "polymere sequence" (ou "copolymere a blocs"), on entend 
designer, selon ('invention, un copolymere comprenant au moins deux 

20 enchaTnements (blocs) successifs d'unites monomeres de constitutions 
chimiques differentes. Chacun des blocs presents peut etre constitue d'un 
homopolym^re ou d ! un copolymere obtenu ^ partir d'un melange de monomeres 
6thyI6niquement insatures. Dans le second cas, le bloc peut notamment etre un 
copolymere statistique. Les copolymeres a blocs au sens de I'invention peuvent 

25 ainsi comprendre deux blocs constitues, chacun, de copolymeres statistiques. 
Dans ce cas, les monomeres ethyleniquement insatures sont tels que les blocs 
obtenus sont de natures differentes. Par "blocs de natures differentes", on entend 
soit des blocs constitues de monomeres de types differents, soit des blocs 
constitues de monomeres de meme type mais dans des quantites differentes. 
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Les polymdres a architecture contrSiee, tels que les polymeres 
sequences, sont habituellement prepares par polymerisation ionique. Ce type de 
polymerisation pr6sente toutefois I'inconvenient de ne permettre la polymerisation 
que de certains types de monomeres apolaires, tels que le styrene et le 
5 butadiene. De plus, la polymerisation ionique requiert generalement des 
contraintes de mise en oeuvre severes, et notamment un milieu reactionnel 
particulierement exempt d'impuretes et des temperatures de mises en oeuvre 
souvent inf6rieures a I'ambiante, de maniere a minimiser Tapparition de reactions 
parasites. 

10 De telles contraintes n'existent pas dans le cas de la polymerisation 

radicalaire, qui presente en outre I'avantage de pouvoir £tre mise en oeuvre dans 
le cadre de la polymerisation d'autres type de monomeres. De ce fait, on s'est 
rapidement interesse a la polymerisation radicalaire dans le cadre de la 
preparation de polymeres a architecture controlee du type des copolymeres 

15 sequences. 

Dependant, lors d'une reaction de polymerisation radicalaire 
conventionnelle, les macroradicaux en croissance ont generalement une 
reactivite non-selective et les chaTnes se terminent generalement de fa9on 
irreversible par couplage ou dismutation. Par consequent, en polymerisation 
20 radicalaire, il est generalement tres difficile de controler la structure des chaTnes 
realises et il est en particulier extremement difficile de reaiiser des polymeres 
fonctionnalis£s en bout de chaTne, ce qui limite, dans le cas le plus general, les 
possibilites d'obtenir des copolymeres sequences. 

De fa?on a surmonter ce type de difficultes, on a recemment 
25 developpe des precedes de polymerisation radicalaire particuliers, dans lesquels 
les chaTnes polymeres en croissance ainsi que les chaTnes realisees in fine sont 
fonctionnalisees par des groupements terminaux susceptibles de pouvoir etre 
reactives sous forme de radicaux libres grace a des reactions de terminaisons ou 
de transferts reversibles. 
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Ce type de polymerisation radicalaire sp6cifique est generalement 
designe par le terme de polymerisation radicalaire "controlee" ou "vivante". Ces 
denominations proviennent du fait que la presence des groupements terminaux 
reactivables decrits cktessus induit I'existence d'equilibres entre des especes 
5 fonctionnalisSes (dites especes "dormantes") et des especes actives (radicaux 
libres), ce qui permet a la fois de maTtriser la croissance des chames polymeres 
(obtention de distributions des masses resserrSes et controle de la masse 
moleculaire moyenne, notamment en jouant sur le rapport molaire monomere / 
precurseur de chaTnes actives) et d^btenir des polymeres fonctionnalises, dits 

10 "vivants", c'est a dire capables d'etre mis en oeuvre a titre d'especes reactivables 
dans des reactions de polymerisations radicalaires subs6quentes, ce qui s'avdre 
particulierement interessant dans le cadre de la preparation de copolym§res 
sequences. Pour plus de details a ce sujet, on pourra notamment se referer a K. 
Matyjaszewski, Ed. Controlled Radical Polymerization, ACS Symposium Series 

15 685, American Chemical Society Washington, DC, 1998 et ACS Symposium 
Series 768, 2001. 

La polymerisation radicalaire vivante (ou controlee) prSsente 
idealement les aspects distinctifs suivants : 

1 . un nombre de chaTnes fixe pendant toute la duree de la reaction ; 

20 2. une vitesse de croissance tres resserree autour d'une valeur 

moyenne, pour toutes les chaTnes polymere en croissance, et avantageusement 
une vitesse de croissance identique pour toutes les chaTnes, ce qui se traduit 
par: 

- une augmentation des masses moleculaires avec la conversion, 
25 avantageusement de fagon Iin6aire; et 

- une distribution des masses resserree ; 

3. une possibility de controle de la masse moleculaire moyenne par 
le rapport molaire monomere / precurseur de chaTne ; 
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Dans ce cadre, on a en particulier developpe de multiples precedes 
de polymerisations controlees (vivantes), dits "par transfert reversible de 
chatnes", mettant en ceuvre des mecanismes d'addition-fragmentation. Cette 
synthese particuliere de polymere est realisee en effectuant une polymerisation 
5 radicalaire en presence d'agents de transfert reversible et d'une source de 
radicaux libres, generalement amorcee thermiquement, ce qui conduit a 
I'obtention de polymeres fonctionnalises. Ce type de polymerisation est une des 
technologies les plus approprtees pour synthetiser des copolymeres & blocs par 
voie radicalaire. 

10 Pour plus de renseignement concernant ce type de polymerisations 

par transfert reversible par addition-fragmentation, on pourra se reporter par 
exemple aux demandes de brevets WO 98/01478 ou WO 99/35178, qui decrivent 
I'utilisation d'agents de transfert reversible de type dithioesters de type RS(C=S)R' 
pour la synthese de copolymeres a architecture contrdlee. La mise en oeuvre 

15 d'agents de transfert dithiocarbamates de type RS(C=S)NR'R" pour realiser le 
controle de polymerisations radicalaires a egalement ete decrit dans les 
demandes de brevets WO 99/35177 ou WO 99/31144. Toujours en ce qui 
concerne ce type de polymerisation par transfert reversible, un precede de 
preparation par polymerisation radicalaire sous activation thermique de 

20 copolymeres hybrides silicones/organiques a egalement ete decrit dans la 
demande de brevet francais FR 00/09722 deposee par la Demanderesse le 25 
juillet 2000. Ces copolymeres hybrides sont constitues d'un squelette silicone et 
porteurs de groupements organiques, ils sont prepares a partir d'un precurseur 
silicone, d'au moins un monomere ethyleniquement insature organique et d'un 

25 initiateur de polymerisation radicalaire. Dans le cadre de la polymerisation 
radicalaire vivante par amorcage thermique, les xanthates de formule generale 
RSC(=S)OR', decrits par exemple dans les demandes de brevets WO 98/58974, 
WO 00/75207 et WO 01/042312 sont des agents de transfert reversible 
particulierement interessants, qui permettent de contrdler la polymerisation 

30 radicalaire de bon nombre de monomeres tels que les monomeres styreniques, 
acryliques, acrylamides, esters vinyliques et dteniques. 
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Quel que soit le mode exact de mise en ceuvre d'une reaction de 
polymerisation radicalaire vivante, les chaTnes polymeres obtenues a Tissue d'une 
telle reaction sont le plus souvent fonctionnalisees en bout de chaine. Cette 
fonctionnalisation leur confere g6n§ralement un caractdre 'Vivant" effectif, c'est £ 
5 dire qu'elles peuvent jouer le role d'especes reactivables dans des reactions de 
polymerisations ulterieures, ce qui s'avere particuli&rement interessant pour 
realiser la synthese de polymeres a architecture controtee, et en particulier de 
copolymeres sequences. Toutefois, en regie generate, les fonctions reactivables 
presentes en bout de chaTnes sur les polymeres obtenus a flssu d'une 

10 polymerisation radicalaire vivante sont egalement fragiles, et elles sont par 
exemple souvent hydrolysabies en milieu basique. Ces reactions d'hydrolyse sont 
susceptibles de lib§rer des sous-produits de bas poids molSculaires, malodorants 
et/ou toxiques pour I'environnement et I'etre humain, tels que par exemple le 
sulfure de carbonyle dans le cas de polymeres presentant des fonctions 

1 5 reactivables de type xanthate. 

Un des buts de la prSsente invention est de proposer un procede 
permettant de retirer les fonctions r§actives portees par certains polymeres issus 
d'une reaction de polymerisation vivante. 

^invention a 6galement pour but de proposer un procede de 
20 preparation de polymeres possedant les avantages presentes par les polymeres 
issus d'une reaction de polymerisation radicalaire vivante, a savoir, en particulier, 
une masse moleculaire moyenne en nombre M n bien contrdtee et une distribution 
de masses resserree, mais ne pr§sentant pas de fonctions reactivables en bout 
de chaTnes susceptibles de mener aux inconvenients precites. 

25 Ces buts, et d'autres qui apparaTtront au vu de la description, sont 

atteints par la presente invention, qui a pour objet un procede de preparation d f un 
polymere, qui comprend une etape consistant a mettre en contact : 

(A) au moins un polymere organique vivant presentant en bout de 
chaTne au moins une fonction r§activable dithiocarbonylee ou 
30 dithiophosphorytee ; 
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(B) au moins une source de radicaux libres ; et 

(C) au moins un compose organique porteur d'un atome 
d'hydrogene labile. 

Cette 6tape permet plus particulterement de proceder a une 
5 substitution de la fonction dithiocarbonylee ou dithiophosphorylee presente sur 
ledit polymere organique vivant par un atome d'hydrogene. 

Par "polymere organique vivant", on entend, au sens de la presente 
description, tout polymere au sens de invention, au moins partiellement a base 
d'unites monomSres organiques, et susceptible d'etre obtenu selon un procede 
10 de polymerisation radicalaire vivante. 

Les polymeres organiques vivants qui sont mis en ceuvre dans le 
procede de ('invention peuvent avantageusement etre des copolymeres & 
architecture contr6l6e, et il peut ainsi s'agir par exemple de copolymeres 
sequences. Quelle que soit leur structure exacte, ces polymeres organiques 
15 vivants presentent specifiquement, en bout de chaine, au moins une fonction 
reactivate dithiocarbonylee ou dithiophosphorylee, c'est a dire une fonction 
respectivement de type -S(C=S)-R ou -S(P=S)-R, ou R designe un groupement 
organique quelconque. 

Ainsi, la fonction reactivate dithiocarbonylee ou dithiophosphorylee 
20 presente en bout de charne sur le polymere (A) mis en oeuvre dans le procede de 
invention peut avantageusement etre une fonction -S(C=S)-R ou -S(P=S)-R, ou 
R designe : 

(i) un groupement alkyle, halogenoalkyle, perfluoroalkyle, alcenyle ou 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou bien un cycle 
25 carbone ou un h§terocycle, ou bien encore une chaTne polymere ; 



(ii) un radical -OR a , dans lequel R a designe un groupement choisi parmi : 

- un groupement alkyle, halogenoalkyle, perfluoroalkyle, alcenyle, 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou 
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bien un cycle carbone ou un heterocycle, ou bien une chaine 
polymere ; 

- un groupement -CR b R°PO(OR d )(OR e ), dans lequel : 

- R b et R c representent chacun, independamment Tun de 
5 I'autre, un atome d'hydrogene, un atome d'halogene, un 

groupement perfluoroalkyle, un cycle carbone ou un 
h&erocycle, ou bien encore un groupement -N0 2 , -NCO, 
-CN, ou un groupement choisi parmi les groupements de type 
-R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , -OOCR f , -CONR f R 9 , ou 
10 -S0 3 R f , dans lesquels R f et R 9 designent chacun, de fa^on 

ind6pendante, un groupement alkyle, alcynyle, alcynyle, 
aryle, aryle, arylalkyle, arylalcenyle, ou arylalcynyle ; 

ou bien R b et R c ferment ensemble avec le carbone auquel 
il sont rattach6s,un groupement C=0 ou C=S, ou bien un 
15 cycle hydrocarbone ou un heterocycle ; et 

- R d et R e representent chacun, independamment Tun de 
I'autre, un radical repondant a Tune des definitions donnees 
ci-dessus pour le groupement R f ; 

ou bien R d et R e ferment ensemble une chame 
20 hydrocarbonee comportant de 2 ^ 4 atome de carbone, 

eventuellement interrompue par un groupement -0-, -S-, ou - 
NR h -, od R h repond ^ Tune des definitions donnees ci-dessus 
pour le groupement R f ; 

(iii) un groupement -NRW, ou : 

25 - R* et R J representent independamment Tun de Tautre un radical 

choisi parmi un groupement alkyle, halogenoalkyle, alcenyle, 
alcynyle, acyle, ester, aryle, arylalkyle, arylalcenyle, arylalcynyle, 
ou un cycle carbone; ou 
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R 1 et R 1 forment ensemble une chaine hydrocarbonee 
comportant de 2 a 4 atome de carbone, eventuellement 
interrompue par un groupement -0-, -S-, ou -NR H , ou R H repond 
a rune des definitions donnees ci-dessus pour le groupement R . 
ladite chaTne hydrocarbonee formant avantageusement un cycle 
a 5 chaTnons avec I'azote auquel sont rattaches R 1 et R 1 , 
les radicaux R 1 et R j induisant de preference un effet electroattracteur ou 
un effet de delocalisation vis a vis de la densite electronique de I'atome 
d'azote auquel ils sont lies. 

Dans I'ensemble de la presente description, on entend couvrir par le 
terme de groupement "alkyle" un radical hydrocarbone sature, lineaire ou ramifie, 
pouvant eventuellement inclure un ou plusieurs cycle(s) aliphatique(s) sature(s). 
Au sens de Invention, les groupes alkyles peuvent presenter jusqu'a 25 atomes 
de carbone, et ils contiennent de preference de 1 a 12 atomes de carbone, et 
avantageusement de 1 a 6 atomes de carbone. 

De facon particuliere, un groupe alkyle peut egalement designer, au 
sens de I'invention, un groupe cycloalkyle. c'est-a-dire un radical hydrocarbone 
sature cyclique, presentant de preference de 3 a 10 atomes de carbone. 

Un groupement "alcoxy" designe quant a lui, au sens de I'invention, 
un radical -OAlk, ou Alk designe un groupement alkyle tel que defini ci-dessus. 

Par groupement "halogenoalkyle" au sens de I'invention, on entend 
un radical alkyle tel que defini precedemment et substitue par au moins un atome 
d'halogene, ou le terme "atome d'halogene" designe ici, comme dans I'ensemble 
de la description, un atome de fluor, de chlore, de brome ou d'iode, de preference 
un atome de fluor ou de chlore, et avantageusement un atome de fluor. Les 
groupements "halogenoalkyle" de I'invention peuvent ainsi etre par exemple des 
groupements "perfluoroalkyle", c'est a dire, au sens de 1'invent.on, des 
groupements repondant a la formule -CHaCnF^, oC. n represente un ent.er allant 

de 1 a 20. 
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Par ailleurs, un groupement "alcenyle", au sens ou il est employe 
dans la pr6sente description, designe un radical hydrocarbone insature, lineaire 
ou ramifie, pr§sentant au moins une double liaison C=C. Les groupes alcenyles 
de ['invention peuvent presenter jusqu'a 25 atomes de carbone et comprennent 
5 de preference de 2 a 12 atomes de carbone, et avantageusement de 2 a 6 
atomes de carbone. 

De meme, on entend par groupe "alcynyle" un radical hydrocarbon^ 
insatur6, lineaire ou ramifie et pr£sentant au moins une triple liaison OC. Les 
groupes alcynyles de Pinvention presentent g§n6ralement de 2 a 25 atomes de 
10 carbone, et ils comprennent de preference de 2 a 15 atomes de carbone, et 
avantageusement de 2 a 6 atomes de carbone. 

Un groupement "acyle" designe quant a lui, au sens de ('invention, 
un groupement de formule -C(=0)-B, ou B designe une chaine hydrocarbonee 
lineaire ou ramifiee, saturee ou insaturee, et comportant de 1 a 25 atomes de 
15 carbone, et qui peut notamment etre un groupe alkyle, alcenyle ou alcynyle tels 
que definis ci-dessus. 

Par groupement "ester" au sens de I'invention, on entend un 
groupement -C(=0)-OB, ou B designe une chaine hydrocarbonee lineaire ou 
ramifiee, satur6e ou insaturee, et comportant de 1 a 25 atomes de carbone, et 
20 qui peut notamment §tre un groupe alkyle, alcenyle ou alcynyle tels que d6finis ci- 
dessus. 

Au sens de Tinvention, un radical de type "cycle carbone" designe 
un groupement cyclique sature, insature ou aromatique, notamment de type 
cycloalkyle, cycloalc§nyle ou cycloalcynyle, 6ventuellement substitu§, et 
25 comportant de 3 a 20 atomes de carbone. Un radical de type "heterocycle" 
designe quant £ lui un tel cycle carbone interrompu par au moins un heteroatome 
choisi par exemple parmi N, O ou S. 

Un groupement "aryie" designe quant a lui, au sens de Tinvention, 
un groupe aromatique mono- ou polycyclique poss6dant g6neralement de 5 a 20 
30 atomes de carbone, et de preference de 6 a 10 atomes de carbone. Ainsi, il peut 
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par exemple s'agir d'un groupe phenyle, ou encore 1- ou 2- naphtyle. Selon une 
variante particuliere un groupe "aryle" au sens de I'invention peut integrer un ou 
plusieurs heteroatomes tels que le soufre, I'oxygene, ou I'azote. Dans ce cas 
particulier, le groupe "aryle" au sens de I'invention designe un groupement 
5 heteroaromatique mono- ou polycyclique. 

Les groupes "arylalkyles", "aralcenyles" et "aralcynyles" au sens de 
I'invention sont respective ment des chalnes alkyles, alcenyles et alcynyles 
substitutes par un groupement aryle tel que d6fini ci-dessus. En d'autres termes, 
les groupes "arylalkyles", "aralcenyles" et "aralcynyles" au sens de I'invention sont 
10 respectivement des groupements de type Ar-Ra-, dans lesquels Ar- represente 
un groupement aryle et ou les groupes de type -Ra- represented 
respectivement une chame alkylene, alcenylene, ou alcynylene. 

Les differents radicaux peuvent eventuellement §tre interrompus par 
un ou plusieurs heteroatomes choisis notamment parmi O, S, et N, Si, ou par des 

15 groupes -(C=0)-, -(C=S)-, -S0 2 -, -SO-, ou amines secondaires ou tertiaires, et ils 
peuvent etre substitues par tout type de groupements non susceptible d'interferer 
avec la reaction de polymerisation ou de mener a des reactions parasites entre 
les composes en presence, et notamment par un ou plusieurs groupements 
identiques ou differents choisis parmi un atome d'halogene, un groupement silyle, 

20 un groupement -OH, alcoxy, -SH, thioalcoxy, -NH 2 , mono- ou di-alkyiamino, -CN, 
-COOH, ester, amine, ou perfluoroalkyle, lesdits substituants pouvant 
eventuellement etre interrompus par des heteroatomes. II est des competences 
de I'homme du metier de choisir la nature des differents groupements et 
substituants presents dans les composes mis en ceuvre pour eviter toute reaction 

25 secondaire indesirable. 

De preference, le polymere organique vivant (A) mis en ceuvre dans 
le precede de rinvehtion est un polymere issu d'un precede mettant en ceuvre 
une polymerisation radicalaire vivante utilisant des agent de transfert reversible 
par addition-fragmentation, de type dithioester, xanthate, dithiocarbamate, 
30 thioether-thione, trithiocarbonate ou dithiophosphoroester, et qui presente a au 
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moins une extremite de sa chatne une partie reactivate dithiocarbonylee ou 
dithiophosphorylee provenant de ces agents de transfert reversible. 

Les polymeres organiques vivants (A) utilises dans le precede de 
I'invention peuvent §tre par exemple des polymeres issus d'un precede de 
5 polymerisation radicalaire controlee realisee par mise en contact d'un ou 
plusieurs monomere(s) ethyleniquement insature(s), d'au moins une source de 
radicaux libres et d'au moins un agent de transfert reversible du type precite. De 
facon plus specifique, les polymeres organiques vivants utilises dans le precede 
de I'invention peuvent etre des polymeres sequences issus d'un precede de 

10 copolymerisation comportant N etapes successives de polymerisations 
radicalaires (N etant superieur ou egale a 2), la premiere de ces etapes etant une 
polymerisation radicalaire controlee realisee par mise en contact d'un ou 
plusieurs monomere(s) ethyleniquement insature(s), d'au moins une source de 
radicaux libres et d'au moins un agent de transfert reversible du type precite, et 

15 les (N-1) etapes suivantes etant des polymerisations radicalaires controtees 
realisees par mise en contact d'un ou plusieurs monomere(s) ethyleniquement 
insature(s) differents de ceux de I'etape precedente, d'au moins une source de 
radicaux libres et de la composition de polymere vivante issue de I'etape 
precedente. 

20 Ainsi, les polymeres organiques vivants (A) utilises dans le precede 

de I'invention peuvent avantageusement §tre des polymeres issus d'un precede 
de copolymerisation choisi par exemple parmi les precedes decrits dans les 
demandes de brevets WO 98/01478 et WO 99/35178, qui mettent en ceuvre des 
agents de transfert reversible de type dithioesters ou dithiocarbamates, ou parmi 

25 les precedes des demandes de brevets WO 98/58974, WO 00/75207 et WO 
01/042312 mettant en ceuvre des agents de transfert reversible de type xanthate. 
II peut egalement s'agir de polymeres issus obtenus selon un des precedes 
decrits dans les demandes de brevets WO 99/35177 ou WO 99/31144, qui 
utilisent des agents de transfert reversible de type dithiocarbamate, ou bien 
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encore selon !e proceed decrit dans la demande de brevet FR 2794464, qui met 
en oeuvre des agents de transfert reversible de type thioether-thione. 

Selon un mode particulier de realisation de I'invention, les 
polymeres organiques vivants (A) utilises dans le procede de I'invention peuvent 
5 egalement etre issus du proc6de mettant en oeuvre les agents de transfert 
reversible de type dithiophosphoroester du type de celui qui a §te decrit dans la 
demande de brevet frangais n° 00/09952 deposee le 28Juillet 2000 par la 
Demanderesse, e'est a dire selon un procede comprend au moins une etape de 
polymerisation radicalaire d'une composition contenant : 

10 - au moins un monom§re 6thyl6niquement insatur6 

- une source de radicaux libres, et 

- au moins un compose de type dithiophosphoroester de formule 
generate (F) : 



R 2 — P— S-Ri 
.R3 (F) 

15 dans laquelle : 

- R-j represente : 

• . un groupe alkyle, acyle, aryle, aralkyle, alcene ou alcyne, 
de preference un groupe alkyle, avantageusement substitue 

• . un cycle carbone ou un heterocycle, sature ou non, 
20 aromatique et §ventuellement substifu§, 

• . une chaTne polymere, par exemple issue d'une 
polymerisation radicalaire ou ionique ou d'une 
polycondensation, 

- R 2 et R 3> identiques ou differents, represented : 
25 • . un atome d'hydrogene, 
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• . -S-R4 , ou R4 a Tune des signification donnee ci-dessus 
pour Ri, 

• . un radical alkyle, acyle, aryle, aralkyle, ou alcyne, 
eventuellement substitue, 

5 • . un cycle carbone ou un heterocycle, sature ou non, 

aromatique, eventuellement substitue ; 

ou bien R 2 et R3 represented ensemble les atomes necessaires 
pour former un cycle carbone ou un heterocycle, sature ou non, aromatique, 
eventuellement substitue ; et 

10 p est compris entre 2 et 1 0, 

les groupes R1, R2 et R 3 , pouvant etre substitues, de preference par des groupes 
phenyles Eventuellement substitues, des groupes aromatiques eventuellement 
substitues, des cycles carbones satures ou non, des heterocycles satures ou non, 
ou des groupes alkoxycarbonyle ou aryloxycarbonyle (-COOR), carboxy (- 

15 COOH), acyloxy (-02CR), carbamoyle (-CONR2), cyano (-CN), alkylcarbonyle, 
alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, phtalimido, maleTmido, 
succinimido, amidino, guanidimo, hydroxy (-OH), amino (-NR2), halogene, 
perfluoroalkyle CnF^+i, allyle, epoxy, alkoxy (-OR), S-alkyle, S-aryle, des groupes 
presentant un caractere hydrophile ou ionique tels que les sels alcalins d'acides 

20 carboxyliques, les sels alcalins d'acide sulfonique, les chaTnes poly(oxyde 
d'alkylene) (de type po!y(oxyde d'ethylene) ou poly(oxyde de propylene)), les 
substituants cationiques (sels d'ammonium quaternaires), R repr6sentant un 
groupe alkyle ou aryle, ou une chaTne polymere. 

Les groupes alkyle, acyle, aryle, aralkyle ou alcyne eventuellement 
25 substitues presents au sein des dithiophosphoroesters de formule (F) possedent 
generalement de 1 a 20, avantageusement de 1 a 12, et plus preferentiellement 
de 1 ^ 9 atomes de carbone. lis peuvent etre lineaires ou ramifies. lis peuvent 
egalement etre substitues par des atomes d'oxygene, sous forme notamment 
d'esters, des atomes de soufre ou d'azote. 
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Parmi les radicaux alkyle envisageables, on peut notamment citer le 
radical m&hyle, 6thyle, propyle, butyle, pentyle, isopropyle, tert-butyle, pentyle, 
hexyle, octyle, decyle ou dodecyle. 

Parmi les radicaux aryle, on peut notamment citer le radical phenyle, 
5 eventuellement substitue notamment par une fonction nitro ou hydroxyle. 

Parmi les radicaux aralkyle, on peut notamment citer le radical 
benzyle ou phenethyle, eventuellement substitue, notamment par une fonction 
nitro ou hydroxyle. 

Selon ce mode de realisation sp§cifique, le dithiophosphoroester de 
10 formule (F) peut avantageusement etre un compose dans lesquels le groupement 
R<\ est choisi parmi les groupements suivants : 

- CH2C6H5 

- CH(CH3)(C02Et) 

- CH(CH3)(C6H5) 
15 - CH(C02Et)2 

- C(CH3)(C02Et)(S-C6H5) 

- C(CH3)2(C6H5) 

- C(CH3)2CN 
ou 

H O 
I II 

— C— C— Ph 
I 




ou le symbole "Et" represente un groupe ethyle et le symbole "Ph" 
represente un groupe phenyle. 
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Quelle que soit leur structure exacte, les dithiophosphoroesters de 
formule (F) sont facilement accessibles. lis peuvent ainsi notamment etre obtenus 
par reaction entre P4S10, K 2 C0 3 et un deriv§ halogene selon un proced§ d§crit 
par exemple par Nizamov et al. dans Phosphorous Sulfur and Silicon, vol. 132, 
5 85-100 (1998). Une autre voie d'acces aux composes de formule (F) consiste & 
faire reagir un sel de metal alcalin d'un acide dithiophosphonique avec un derive 
halogSne. A ce sujet, on pourra se reporter a Mastryukova et al (Bull. Acad. Sci. 
USSR. Div. Chem. Sci (Engl TransI), Vol. 27, 1917 (1978)). 



10 Selon un autre mode de realisation envisageable, les polymeres 

organiques vivants (A) utilises dans le procede de Pinvention peuvent egalement 
etre des copolymeres hybrides silicones/organiques obtenus par un procede de 
preparation par polymerisation radicalaire activee thermiquement du type de ceux 
decrits dans la demande de brevet frangais FR 00/09722 deposee par la 

15 demanderesse le 25 juillet 2000, a savoir des copolymeres hybrides 
silicones/organiques comprenant des motifs (r) x (u)ySiO[4-( x +y)]/2 dans lesquels: 

- x est egal a 0, 1, 2 ou 3, y est egal a 0, 1, 2 ou 3 avec 2 < (x+y) <> 3 et y est 
different de 0 pour au moins un des motifs du copolym^re hybride, 

- les x groupements (r), identiques ou differents, represented chacun : 

20 • un radical alkyle lineaire ou ramifie contenant 1 a 8atomes de 

carbone, eventuellement substitue par au moins un halogene, de 
preference le fluor, les radicaux alkyle etant de preference methyle, 
ethyle, propyle, octyle et 3,3,3-trifluoropropyle, 

• un radical cycloalkyle contenant entre 5 et 8 atomes de carbone 
25 cycliques, eventuellement substitue, 

• un radical aryle contenant entre 6 et 12 atomes de carbone pouvant 
etre substitue, de preference phenyle ou dichlorophenyle, 

• une partie aralkyle ayant une partie alkyle contenant entre 5 et 
14 atomes de carbone et une partie aryle contenant entre 6 et 
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12 atomes de carbone, substitute eventuellement sur la partie aryle 
par des halogenes, des alkyles et/ou des alkoxyles contenant 1 a 
3 atomes de carbone, 

- les y groupements (u), identiques ou differents, represented chacun un 
groupement : 



S 
II 

C- 



X 

•C— (CV=CV) a — CH 2 - 



o 

_ 0 , II 

Cr 2 r 3 — C— w— Sp 



ou : 

- z, qui peut differer d'un groupement (u) a un autre, represented un 
atome de carbone, de soufre, d'oxygene, de phosphore, d'azote et/ou une 
valence libre, et de preference un atome de soufre ou d'oxygene ; 

- x 1 = 1 , 2,3 ou 4 en fonction de la valence de z, 

- chacun des groupements r1, identiques ou differents, represente : 

- un groupe alkyle, acyle, aryle, alcene ou alcyne eventuellement 
substitue, un cycle carbone, sature ou non, eventuellement substitue 
et/ou aromatique, et/ou un heterocycle, sature ou non, eventuellement 
substitue, ces groupes et (hetero)cycles pouvant etre substitues par: 
des groupes phenyles substitues, des groupes aromatiques substitues, 
ou des groupes : alkoxycarbonyle, aryloxycarbonyle (-COOr 5 ), carboxy 
(-COOH), acyloxy (-02 c r 5 ). carbamoyle (-CON(r 5 )2), cyano (-CN), 
alkylcarbonyle, alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, 

phtalimido, male'fmido, succinimido, amidino, guanidimo, hydroxy (- 

c 5 
OH), amino (-N(r ) 2 ), halogene, allyle, epoxy, alkoxy (-Or ), S-alkyle, 

S-aryle, des groupes presentant un caractere hydrophile ou ionique 
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tels que les sels alcalins decides carboxyliques, les sels alcalins 
decide sulfonique, les chaines polyoxyde d'alkylene (POE, POP), les 
substituants cationiques (sels d'ammonium quaternaires), les 

g 

groupements r , identiques ou differents, representant un groupe 
alkyle ou aryle, et/ou une chame polymere, 

- un groupement de formule -C n F( 2 n+i) avec n compris entre 1 et 20, 

- un groupement de formule : 

r6 Or8 

I I 

— C— P=0 

r 7 Or 9 

dans laquelle : 

- r 6 , r 7 , identiques ou non f sont choisis parmi 

- un groupe halogene, -N0 2 , -S0 3 r 1 °, -NCO, -CN, -Or 10 , -Sr 10 , 
-N(r 10 ) 2 , -COOr 10 , -0 2 Cr 1 °, -CON(r 10 ) 2 , -NCO(r 10 ) 2 et-C n F (2n+ i) 
avec n compris entre 1 et 20, de preference egal a 1 

et r 10 representant un atome d'hydrogene ou- un radical alkyle, 
alcenyle, alcynyle, cycloacenyle, cycloalcynyle, alkaryle, 
aralkyle, heteroaryle ou aryle eventuellement condense a un 
heterocycle aromatique ou non; ces radicaux pouvant 
eventuellement etre substitues par un ou plusieurs groupes 
identiques ou differents, choisis parmi les atomes d'halogenes, 
=0, =S, -OH, alcoxy, SH, thioalcoxy, NH 2 , mono ou di- 
alkylamino, CN, COOH, ester, amide, C n F ( 2n + i) et/ou 
Eventuellement interrompu par un ou plusieurs atomes choisis 
parmi O, S, N, P ; 

- un groupe heterocyclique eventuellement substitue par un ou 
plusieurs groupes tels que definis precedemment ; 
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ou r 6 et r 7 forment ensemble, avec ratome de carbone auquel ils 
sont attaches, un groupe C=0, C=S, un cycle hydrocarbone ou 
un heterocycle ; 

- et r 8 et r 9 , identiques ou differents, represented un groupe tel 
5 que defini ci-dessus pour r 10 ; ou forment ensemble une chaine 

hydrocarbonee en C2-C4, eventuellement interrompue par un 
hEteroatome choisi parmi O, S et N ; 

- V et V, identiques ou differents, represented : H, un groupe alkyle ou 
un halogene, 

10 - X et X', identiques ou differents, represented H, un halogene ou un 

groupe R 4 OR 4 , 0 2 COR 4 NHCOH, OH, NH 2 , NHR 4 , N(R 4 ) 2 , (R 4 )2N + 0~, 
NHCOR 4 , C02H, C0 2 R 4 , CN, CONH 2 , CONHR 4 ou CONR 4 2 , dans lesquels 
R 4 est choisi parmi les groupes alkyle, aryle, aralkyle, alkaryle, alcene ou 
organosilyle, eventuellement perfluorEs et Eventuellement substitues par un ou 

15 plusieurs groupes carboxyle, epoxy, hydroxyle, alkoxy, amino, halogene ou 
sulfonique, 

- r 2 et r 3 , identiques ou differents, represented : 

- un atome d'hydrogene 

- un groupe alkyle, acyle, aryle, alcene ou alcyne eventuellement 

20 substitue ; un cycle carbon§, sature ou non, Eventuellement substitue 

et/ou aromatique ; un heterocycle, sature ou non, eventuellement 

5 

substitue, un groupe alkoxycarbonyle, aryloxycarbonyle (-COOR ), 

5 5 
carboxy (-COOH), acyloxy (-0 2 CR ), carbamoyle (-CONR 2 ), cyano (- 

CN), alkylcarbonyle, alkylarylcarbonyle, arylcarbonyle, 

25 arylalkylcarbonyle, phtalimido, maleTmido, succinimido, amidino, 

guanidimo, hydroxy (-OH), amino (-NR 5 2 ), halogene, allyle, epoxy, 

alkoxy (-OR ), S-alkyle, S-aryle, des groupes presentant un caractere 

hydrophile ou ionique tels que les sels alcalins d'acides carboxyliques, 

les sels alcalins d'acide sulfonique, les chaines polyoxyde d'alkylene), 

5 

30 les substituants cationiques (sels d'ammonium quaternaires), R , 

identiques ou differents, representant un groupe alkyle ou aryle, et/ou 
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une chaTne polymere, ces radicaux et (h§tero)cycles pouvant etre 
substitues par: des groupes phenyles substitues, des groupes 

aromatiques substitues, ou des groupes : alkoxycarbonyle, 

5 5 
aryloxycarbonyle (-COOR ), carboxy (-COOH), acyloxy (-O2CR ), 

5 

5 carbamoyle (-CONR 2), cyano (-CN), alkylcarbonyle, 

alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, phtalimido, 

maleimido, succinimido, amidino, guanidimo, hydroxy (-OH), amino (- 

5 5 
NR 2), halogene, allyle, epoxy, alkoxy (-OR ), S-alkyle, S-aryle, des 

groupes presentant un caractere hydrophile ou ionique tels que les 

10 sels alcalins d'acides carboxyliques, les sels alcalins d'acide 

sulfonique, les chaTnes polyoxyde d'alkylene (POE, POP), les 

5 

substituants cationiques (sels d'ammonium quaternaires), R , 
identiques ou differents, repr6sentant un groupe alkyle ou aryle, et/ou 
une chame polymere, 

15 - w, qui peut differer d'un groupement (u) a un autre, represente un 

radical divalent choisi parmi -0-, -NR 4 -, -NH-, ou -S-, 

- Sp, qui peut differer d'un groupement (u) a un autre, represente un 
radical divalent organique de formule -(CH 2 )>c- dans lequel x 1 " est compris 
entre 1 et 20, ce radical pouvant etre substitue et/ou contenir au moins un 

20 heteroatome, 

- a = 0 ou 1 , 

- m ^ 1 , et lorsque m > 1 les motifs unitaires repetitifs d'indice m sont 
identiques ou differents. 

Ces polymeres particuliers, qui se presentent avantageusement sous la 
25 forme d'un copolymere hybride silicone/organique constitue d'un squelette 
silicone lineaire comprenant de 1 a 300 (de preference 1 a 200) motifs 
(r)x(u)ySiO[4-(x+y)]/2 comportant au total de 1 a 50 radicaux u, et de 
preference de 1 a 10 radicaux u, peuvent etre obtenus selon un procede qui 
consiste a faire reagir un melange comprenant 
30 - un initiateur de polymerisation radicalaire. 

- au moins un monomere ethyleniquement insature de formule 
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20 

CXX' (= CV - CV) a = CH 2 , 



et 



- un compose silicone precurseur comprenant des motifs, identiques 
ou differents, de formule 

r x u , ySiO[4-( x +y)]/2 

dans lequel 

- r, x et y ont les definitions donnees precedemment, 
et 

- les y radicaux u\ identiques ou differents, sont des radicaux 
monovalents de formule: 



S O 

" o, 'I 

C—S— Cr 2 r3— C— w— Sp- 



(r 1 )x— z 



15 



ou r\ x', z, r 2 , r 3 , w et Sp ont les definitions precitees, 
les radicaux u' etant et sont de preference choisis parmi les radicaux 
suivants : 
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oil R 1 represente un groupement repondant a la definition du 
groupement r 1 d§fini ci-dessus. 

Le compose silicone precurseur utilise au sein du procede de preparation de 
copolymeres hybrides peut etre obtenu par reaction : 

(i) d'une silicone comprenant des motifs de formule: 

R x U"ySiO[4-(x+y)]/2 
ou le radical monovalent U" est selon la formule suivante: 

L CR2'R3-(C==0)-W-Si> — 

dans laquelle : 
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- W et Sp sont de definitions identiques a celles donnees 
precedemment, 

- L est un groupement 6lectrofuge, par exemples : Br", CI", l\ OTs\ 
OMs, (C 6 H6HC=0)-0-, (CH 3 )-(C=0)-0\ (CF 3 MC=0)-0-. 

(ii) avec un compose choisi parmi ceux de formules g§n6rales suivantes : 



C-S-, M 



(R 1 )x' 



/ 



(R 1 )x- 



( 
/ 



c-s- 



, M" 2 * 



(IX) 



(X) 



10 



et 



(R 1 )*- 



( 
/ 



C-S 



(M"> 



(XI) 



n 



dans lesquelles : 

- M ,+ represente K + , Na + , NR4 + , ou PR4 +t R etant de definition similaire 
a celle donnee pour R de la formule (l) f 

- M ,,2+ represente un m6tal alcalino-terreux tels que Ca 2+ , Ba 2+ et 

- M*" represente Zn, Cd, m est egal a 1 ou 2, n est egal a 1 , 2, 3 ou 4 
et de preference m est egal a 1 et n est egal a 2. 



15 Cette silicone de formule peut elre notamment obtenue a partir (i) 

d'une silicone comprenant des motifs de formule :RxU'"ySiO[4.( x +y)]/2 oil le 
radical monovalent IT est de formule : -Sp-WH et (ii) d'un compose de formule : 

o l 



y CHj 

L 

H 
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Selon encore un autre mode de realisation envisageable, les 
polymeres organiques vivants (A) utilises dans le proc6de de Invention peuvent 
egalement etre des polymeres dits "en forme d'etoiles" tels que ceux obtenus par 
un precede du type de celui decrit dans la demande de brevet frangais n° 01 
5 05144 deposee le 13 Avril 2001 par le Demanderesse, a savoir un precede qui 
comprend une etape de polymerisation radicalaire d'une composition contenant : 

- une source de radicaux libres, et 

- au moins une composition de polymere issue d'un proced§ de 
polymerisation radicalaire vivante et presentant en bout de chaTne au moins une 

10 fonction reactivate dithiocarbonylee ou dithiophosphorylee, 

et 

- au moins un monomere reticulant, 

ledit monomere reticulant etant choisi parmi des composes organiques connus 
comme etant reactifs par voie radicalaire, et comportant entre deux et 10 
15 insaturations ethyleniques, et de preference 2, ce monomere reticulant pouvant 
etre avantageusement choisi parmi les derives acryliques, methacryliques, 
acrylamido, methacrylamido, ester vinylique, ether vinyiique, dienique, styrenique, 
alpha-methyl styrenique et allylique. 

20 De fagon particulierement preferee, les polymeres organiques 

vivants (A) utilises dans le procede de invention sont des polymeres issus d'un 
procede de polymerisation ou de copolymerisation comportant au moins une 
etape de polymerisation radicalaire controlee mettant en oeuvre un agent de 
transfert reversible par addition-fragmentation choisi parmi un xanthate, un 

25 dithiocarbamate ou un dithioester. Avantageusement il s'agit de polymeres 
vivants issus de la mise en oeuvre d'agents de transfert de type xanthate. 

Par "source de radicaux libres" au sens de I'invention, on entend, de 
fagon large, tout compose ou melange de composes susceptible de mener a la 
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formation d'especes radicalaires dans des conditions de mise en ceuvre 
adequates (activation thermique, irradiation ...), ce compose ou melange de 
compost etant utilise dans lesdites conditions requises. De preference, la source 
de radicaux libres (B) utilisee dans le precede de la presente invention est un 
5 compost ou un melange de composes menant a la formation de radicaux libres 
sous Teffet d'un traitement thermique. Ainsi, il peut par exemple s'agir d'un 
initiateur de polymerisation radicalaire de type usuel. La source de radicaux libres 
(B) utilisee dans le procede de I'invention peut ainsi notamment etre choisie parmi 

10 - Ies peroxydes d'hydrogene, tels que I'hydroperoxyde de butyle 

tertiaire, I'hydroperoxyde de cumene, le t-butyl-peroxyacetate, le t- 
butylperoxybenzoate, le t-butylperoxyoctoate, le t-butylperoxyneodecanoate, le t- 
butylperoxyisobutarate, le peroxyde de lauroyle, le t-amylperoxypivalte, le t- 
butylperoxypivalate, le peroxyde de dicumyl, le peroxyde de benzoyle, le 

15 v persulfate de potassium, ou encore le persulfate d'ammonium ; 

- Ies composes azoTques tels que : le 2-2'-azobis(isobutyronitrile), le 
2,2 , -azobis(2-butanenitrile), le 4,4'-azobis(4-acide pentanoTque), le 1,1- 
azobis(cyclohexane-carbonitrile), le 2-(t-butylazo)-2-cyanopropane, le 2,2'- 
azobis[2-methyl-N-(1,1)-bis(hydroxymethyl)-2-hydroxyethyl] propionamide, le 2,2'- 

20 azobls(2-methyI-N-hydroxyethyl]-propionamide, le dichlorure de 2,2 , -azobis(N,N'- 
dimethyleneisobutyramidine), le dichlorure de 2,2-azobis (2-amidinopropane), le 
2,2-azobis (N.N'-dimethyleneisobutyramide), le 2,2'-azobis(2-methyl-N-[1,1-bis 
(hydroxymethyl)-2-hydroxyethyl] propionamide), le 2,2*-azobis(2-methyl-N-[1,1-bis 
(hydroxymethyl)ethyl] propionamide), le 2,2'-azobis[2-methyl-N-(2-hydroxyethyl) 

25 propionamide], ou bien encore le 2,2'-azobis(isobutyramide) dihydrate ; ou 

- Ies systemes redox comportant des combinaisons telles que, par 

exemple : 

- Ies melanges de peroxyde d'hydrogene, d'alkyle, peresters, 
percarbonates et similaires et d'un compose choisi parmi un sel de fer, un sel de 
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titane, !e formaldehyde sulfoxylate de zinc ou le formaldehyde sulfoxylate de 
sodium, et des sucres reducteurs ; 

- les persulfates, perborates ou perchlorates de metaux alcalins ou 
d'ammonium, en association avec un bisulfite de metal alcalin, tel que le 

5 metabisulfite de sodium, et des sucres reducteurs; 

- les persulfates de metal alcalin en association avec un acide 
arylphosphinique, tel que Pacide benzene phosphonique et autres similaires, et 
des sucres reducteurs 

De preference, la source de radicaux libres (B) de invention 
10 comprend un peroxyde, choisi avantageusement, le cas 6ch6ant, parmi les 
composes repondant d Tune des formules (I) a (IV) suivantes : 

R— O-O— R» (|)? 



20 



R' — n — O — O — |j — R" 



15 v O (|l)> 



R'— O— n— O — O— n— O-R" 

O 



et 

R' — O — n — O O-R" 

O 



(III). 



(IV), 



dans lesquelles les groupements R' et R", identiques ou differents, representent 
des groupes alkyle, lineaire ou ramifie, aryle ou aralkyle, eventuellement 
substitues. 
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Ainsi, comme exemples de peroxydes particulierement adaptes a 
titre de source de radicaux libres (B) dans le procede de ^invention, on peut 
notamment citer le diisobutyryl peroxyde, cumyl peroxyneodecanoate, ter-amyl 
peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, tert-butyl 
5 peroxyneodecanoate, le dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, 
dimyristyl peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl 
peroxypivalate, didecanoyl peroxyde, tert-amyl peroxy-2-ethylhexanoate, tert-butyl 
peroxyisobutyrate, 1 ,4-di(tert-butylperoxycarbo)cycIohexane, tert-butyl 
peroxyac&ate, tert-butyl peroxybenzoate, di-tert-amyl peroxyde, tert-butyl cumyl 
10 peroxyde, le peroxyde de bis-tertiobutyl, le peroxyde de dicumyl, le peroxyde de 
diiauroyle ou le di(4-tert-butylcyclohexyl)peroxydicarbonate. 

Quelle que soit sa nature exacte, la source de radicaux libres (B) 
mise en oeuvre selon le proc6de de ('invention est utilisee dans des conditions 
permettant la production de radicaux libres, ce qui est generalement realise par 
15 activation thermique, c'est a dire en elevant la temperature du milieu reactionnel, 
generalement a une temperature de I'ordre de I'ambiante (environ 20°C) a 200 
°C, de preference de 40 a 180°C, avantageusement de 80 a 160 °C. 

La source de radicaux libres utilisee peut etre introduce en une 
seule fois au sein du milieu reactionnel, mais elle peut aussi etre introduite 
20 progressivement, le cas 6cheant par portions ou en continu. 

La quantite de la source de radicaux libres depend de son efficacite 
et de son mode dlntroduction. Avantageusement, la source de radicaux libres 
utilisee est introduite en une quantite telle que la quantite de radicaux libres 
qu'elle est susceptible de Iib6rer est comprise entre 50 % et 200 % en mole, et de 
25 preference comprise entre 100 % et 150 % en mole, par rapport 6 la quantite 
molaire totale de fonctions dithiocarbonylees ou dithiophosphorylees portees par 
Tensemble des polymeres organiques vivants presents dans le milieu. 
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Une autre caracteristique du precede de Invention est la mise en 
oeuvre sp§cifique d'un compost organique (C) porteur d'un atome d'hydrogene 
labile. 

Par "hydrogene labile", on entendra, au sens de Invention, un 
5 hydrogene lie au compose organique par une liaison sigma d'intensite 
suffisamment faible pour que cette liaison puisse mener a une rupture radicalaire 
homolytique. 

Sans vouloir etre lie en aucune fagon a une theorie particuliere, il 
semble pouvoir etre avance que, dans le procede de Pinvention, des radicaux 
10 libres RL« issus de la source de radicaux fibres employee r6agissent avec la 
fonction dithiocarbonylee -S(C=S)-R (ou -S(P=S)-R) du polymere organique 
vivant, pour former des esp&ces radicalaires selon ie schema reactionnel suivant 
* 

(Pol)-S(C=S)-R + RL- <=> (Pol)» + RL-S(C=S)-R 

1 5 (ou (Pol) designe la chaTne polymere, le meme schema reactionnel pourrait etre 
presents avec la fonction -S(P=S)-)- 

On suppose que le compose organique porteur d'un atome d'hydrogene labile 
mis en ceuvre selon I'invention (note Org-H) joue le rdle d'agent de transfert 
d'hydrogene et reagit sur le radical de type (Pol)» ainsi forme selon le bilan 
20 reactionnel : 

(Pol)« + Org-H (Pol)H + Org* 

En tout etat de cause, quel que soit le mecanisme exact mis en 
ceuvre dans le procede de I'invention, on obtient specifiquement a I'issu de ce 
procede une substitution de la (ou des) fonction(s) dithiocarbonylee(s) ou 
25 dithiophosphorylee(s) initialement presente sur le polymere organique vivant mis 
en oeuvre par un (ou des) atome(s) d'hydrogene(s). 

Le compose organique (C) porteur d'un atome d'hydrogene labile 
qui est mis en ceuvre selon I'invention est de preference choisi parmi : 

-les alcools secondares de formule (HO)CH(R')(R n ), 
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-les mercaptans de formule R m SH, 

-les phosphites de formule (0=)PH(-OR ,v )(-OR v ), 

-les silanes de formule R VI R vl, R v,,1 SiH , 

ou 

5 -les acetals de formule R ,x CH(OR x )(OR xl ), 

oCi les groupements R 1 , R n , R IH , R", R v , R* R vn , R v,n , R ,x , R x et R* 
represented chacun, de fagon independante, un radical alkyle, cycloalkyle, 
alcoxy, alc£ne, acyle, aryle, aralkyle, aralcenyle ou aralcynyle, ces radicaux 
pouvant etre §ventuellement substitues. 

10 De preference, R'.-R", R m , R ,v , R v , R vl , R v ", R v '" , R ,x , R x et R* sent 

choisis parmi un radical alkyle de C1 a C8 et le radical phenyl. 

De fagon avantageuse, ce compose organique (C) porteur d'un 
atome d'hydrogene labile est choisi parmi le 2-propanol, 2-butanol, 2-octanol, 
mercaptoethanol, phosphite de dtethyle, dimethylacetate du benzaldehyde et le 
15 dimethylph6nylsilane. Plus particulierement, ce compose organique (C) est le 2- 
propanol. 

Par ailleurs, le compose organique (C) porteur d'un atome 
d'hydrogene labile mis en oeuvre selon invention est gSneralement un compose 
organique capable d'assurer le role de solvant du polymere vivant utilise, qui 
20 presente en bout de chaine au moins une fonction reactivate dithiocarbonylee 
ou dithiophosphorylee. Dans ce cas, la quantity de compose (C) mise en oeuvre 
est generalement comprise entre 1 et 50000 equivalents molaires, et de 
preference entre 2 et 10000 equivalents molaires, par rapport au polymere (A). 

Dans le cas ou ce compost n'est pas a meme d'assurer ce role, on 
25 prefere conduire la reaction en presence d'un co-solvant, choisi, le cas echeant, 
notamment parmi Teau, Tethanol, le toluSne et le tetrahyrofurane (THF). Dans ce 
cas, la quantite de compost (C) mise en oeuvre est le plus souvent comprise 
entre 1 et 200 equivalents molaires, et avantageusement entre 20 et 100 
equivalents molaires, par rapport au polymere (A). 
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Dans le cas le plus general, le compose (C) est mis en oeuvre a 
raison de 1 a 50000 Equivalents molaires, et de preference entre 2 et 10000 
equivalents molaires, par rapport au polymere (A). 

Par ailleurs, dans le proc6d6 de Pinvention, Petape de mise en 
5 contact du polymere vivant (A), de la source de radicaux libres (B) et du compose 
organique porteur de I'hydrogene labile (C) est generalement conduite £ une 
temperature suffisante pour permettre un amorgage effectif de la source de 
radicaux libres, mais on prefere egalement le plus souvent que cette temperature 
soit inferieure ou egale & la temperature d'ebuiiition des differents reactifs mis en 
10 oeuvre, sans quoi on est conduit a realiser le procede de Pinvention sous 
pression, ce qui ne compromet certes pas I'efficacite du procede dans le cas 
general, mais est susceptible de se traduire en termes d'elevation de couts de 
mise en oeuvre. 

Ainsi, dans la cas le plus general, sous pression atmospherique, on 
15 prefere que cette etape soit conduite a une temperature comprise entre 0°C et 
200°C. De preference, cette temperature de mise en oeuvre est superieure £ 
20°C, et elle est avantageusement inferieure a 180°C. Ainsi, cette temperature 
peut typiquement etre comprise entre 40°C et 160°C. 

Les exemples non limitatifs exposes ci-apres illustrent le procede de 

20 Pinvention. 



EXEMPLES 

25 Exemple 1 : 

- Synthese d'un poly(acide acrylique) termine O-ethyl xanthate : 

Dans un ballon bicol surmonte d'un refrigerant, on introduit 7 g decide acrylique, 

28 g d'ethanol, 2,02 g de S-ethylpropionyl O-ethyl xanthate et 0,48 g 
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d'azobisisobutyronitrile. Le melange est porte a 70°C pendant 4 heures. Le 
polyacide acrylique obtenu a les caracteristiques suivantes : Mn=2950 g/mol, 
Mw/Mn=1.19. 

5 Mn est la masse molaire moyenne en nombre. Elle est mesuree par 
chromatographie d'exclusion sterique (CES) dans I'eau, avec un etalonnage 
relatif par du polyoxyde d'ethylene. 

Mw/Mn est I'indice de polymolecularite (donne par CES). Mw est la masse 
molaire moyenne en poids. 

10 

- Reduction radicalaire du polyacide acrylique termine O-ethyl xanthate : 

A un echantillon de 20ml de solution du polyacide acrylique de I'exemple 1, 27,8 
g de 2-propanol sont rajoutes. Le melange est ensuite porte a 80°C. 0,37 g de 
peroxyde de dilauroyle sont introduits toutes les deux heures pendant 14 heures. 
15 Puis, le systeme est maintenu en temperature pendant 3 heures 
supplemental. En fin de reaction, le produit brut reactionnel est analyse par 
CES dans I'eau. Par detection UV a 290 nm, longueur d'onde a laquelle le 
groupement S(C=S) du xanthate absorbe tres fortement, il est constate une 
disparition totale du signal. Ceci est caracteristique de la reduction totale du bout 

20 de chaTne xanthate. 

Egalement, apres purification de I'echantillon par extraction liquide-liquide 
(hexane/ether), I'analyse du polyacide acrylique purifie par RMN du proton et du 
carbone montre I'absence des signaux caracteristiques de I'extremite xanthate. 

25 Exemple 2 : 

- Reduction radicalaire du polyacide acrylique termine O-ethyl xanthate : 

A un echantillon de 20ml de solution du polyacide acrylique dont la synthese est 
decrite ci-dessus, 27,8 g de 2-propanol sont rajoutes. Le melange est ensuite 
30 porte a 80°C. 3,7 de percarbonate de p-di-t-butylcyclohexyle sont ensuite 
introduits, et la reaction est conduite a cette temperature pendant cinq heures. En 
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fin de reaction, le produit brut reactionnel est analyse par CES dans I'eau. Par 
detection UV a 290 nm, longueur d'onde a laquelle le groupement S(C=S) du 
xanthate absorbe tres fortement, il est constate une disparition totale du signal. 
Ceci est caracteristique de la reduction totale du bout de chatne xanthate. 
Egalement, apres purification de I'echantillon par extraction liquide-liquide 
(hexane/ether), I'analyse du polyacide acrylique purifie par RMN du proton et du 
carbone montre I'absence des signaux caracteristiques de I'extremite xanthate. 
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REVENDICATIONS 

1. Procede de preparation d'un polymere, qui comprend une etape 
consistant a mettre en contact : 

(A) au moins un polymere organique vivant presentant en bout de 
5 chaTne au moins une fonction reactivate dithiocarbonylee ou 

dithiophosphorylee ; 

(B) au moins une source de radicaux libres ; et 

(C) au moins un compose organique porteur d'un atome 
d'hydrogene labile. 

10 2. Procede selon la revendication 1, caracterise en ce que la 

fonction reactivate dithiocarbonylee ou dithiophosphorylee presente en bout de 
chaTne sur le polymere (A) mis en oeuvre est une fonction -S(C=S)-R ou - 
S(P=S)-R, ou R dSsigne : 

(i) un groupement alkyle, halogenoalkyle, perfluoroalkyle, alc6nyle ou 
15 alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou bien un cycle 

carbone ou un heterocycle, ou une chaTne polymere ; 

(ii) un radical -OR a , dans lequel R a designe un groupement choisi parmi : 

- un groupement alkyle, halogenoalkyle, perfluoroalkyle, alcenyle, 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou 

20 bien un cycle carbone ou un heterocycle, ou bien une chaTne 

polymere ; 

- un groupement -CR b R c PO(OR d )(OR e ), dans lequel : 

- R b et R c represented chacun, independamment Tun de 
I'autre, un atome d'hydrogene, un atome d'halogene, un 
25 groupement perfluoroalkyle, un cycle carbone ou un 

h6t6rocycle, ou bien encore un groupement -NO2, -NCO, 
-CN, ou un groupement choisi parmi les groupements de type 
-R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , -OOCR f , -CONR f R 9 , ou 
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-S0 3 R f , dans lesquels R f et R 9 designent chacun, de fagon 
independante, un groupement alkyle, alc6nyie, alcynyle, 
aryle, aryle, arylalkyle, arylalcenyle, ou arylalcynyle ; 

ou bien R b et R c forment ensemble avec le carbone auquel 
il sont rattach6s,un groupement C=0 ou C=S, ou bien un 
cycle hydrocarbon^ ou un heterocycle ; et 

- R d et R e represented chacun, independamment Tun de 
I'autre, un radical repondant a Tune des definitions donnees 
ci-dessus pour le groupement R f ; 

ou bien R d et R e forment ensemble une chame 
hydrocarbonee comportant de 2 a 4 atome de carbone, 
6ventuellement interrompue par un groupement -0-, -S-, ou - 
NR h -, ou R h repond § Tune des definitions donn6es ci-dessus 
pour le groupement R f ; 

(iii) un groupement -NR'R j , ou : 

« R j et R j representent independamment Tun de Tautre un radical 
choisi parmi un groupement alkyle, halogenoalkyle, alcenyle, 
alcynyle, acyle, ester, aryle, arylalkyle, arylalcenyle, arylalcynyle, 
ou un cycle carbon^; ou 

- R 1 et R j forment ensemble une chaTne hydrocarbonee 
comportant de 2 a 4 atome de carbone, 6ventuellement 
interrompue par un groupement -0-, -S-, ou — NR H -, ou R H repond 
a Tune des definitions donnees ci-dessus pour le groupement R f , 
ladite chaTne hydrocarbonee formant avantageusement un cycle 
a 5 chaTnons avec I'azote auquel sont rattach6s R 1 et R J , 

les radicaux R 1 et R j induisant de preference un effet electroattracteur ou 
un effet de delocalisation vis-a-vis de la density 6lectronique de Tatome 
d'azote auquel ils sont Ii6s. 
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3. Proceed selon la revendication 1, caracterise en ce que le 
polymere organique vivant (A) est un polymere issu d'un precede mettant en 
oeuvre une polymerisation radicalaire vivante utilisant au moins un agent de 
transfert reversible par addition-fragmentation, de type dithioester, xanthate, 

5 dithiocarbamate, thioether-thione, trithiocarbonate ou dithiophosphoroester. 

4. Procede selon la revendication 3, caracterise en ce que le 
polymere (A) est issu d'un procede de polymerisation ou de copolymerisation 
comportant au moins une etape de polymerisation radicalaire controlee mettant 
en oeuvre un agent de transfert reversible par addition-fragmentation choisi parmi 

10 un xanthate, un dithiocarbamate ou un dithioester. 

5. Procede selon Tune quelconque des revendications 1 a 3, 
caracterise en ce que la source de radicaux libres (B) mise en oeuvre comprend 
un peroxyde choisi parmi les composes repondant a Tune des formules (I) a (IV) 
suivantes : 



15 



R' O—O — R" 



(I). 



R' — n — 0 — O— jr— R" 

O o 



00. 



R' — O — 1| — O O— |pO-R" 

20 0 0 (|||)> 

et 

R' — O — n — O O-R" 

(IV), 



o 
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dans Iesquelles les groupements R' et R", identiques ou difterents, 
represented des groupes alkyle, lineaire ou ramifie, aryle ou aralkyle, 
6ventuellement substitues. 

6. Procede selon la revendication 5, caracterise en ce que la source 
5 de radicaux libres (B) mise en oeuvre comprend un peroxyde choisi parmi le 
diisobutyryl peroxyde, cumyl peroxyneodecanoate, ter-amyl peroxyneodecanoate, 
di(2-ethylhexyl) peroxydicarbonate, tert-butyl peroxyneodecanoate, le dibutyl 
peroxydicarbonate, dicetyl peroxydicarbonate, dimyristyl peroxydicarbonate, tert- 
butyl peroxyneoheptanoate, tert-amyl peroxypivalate, didecanoyl peroxyde, tert- 
10 amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 1,4-di(tert- 
butylperoxycarbo)cyclohexane, tert-butyl peroxyac6tate, tert-butyl 
peroxybenzoate, di-tert-amyl peroxyde, tert-butyl cumyl peroxyde, le peroxyde de 
bis-tertiobutyl, le peroxyde de dicumyl, le peroxyde de dilauroyle et le di(4-tert- 
butylcyclohexyl)peroxydicarbonate. 

15 7. Procede selon Tune quelconque des revendications 1 a 6, 

caracterise en ce que la source de radicaux libres (B) est introduite en une 
quantite telle que la quantite de radicaux libres qu'elle est susceptible de liberer 
est comprise entre 50 et 200 % en mole par rapport a la quantite totale molaire 
de fonctions dithiocarbonylees ou dithiophosphorylees portees par I'ensemble 

20 des polymeres organ iques vivants (A) mis en oeuvre. 

8- Procede selon Tune quelconque des revendications 1 a 7, 
caracterise en ce que le compose organique (C), porteur d'un hydrogene labile, 
est choisi parmi : 

-les alcools secondaires de formule (HO)CH(R l )(R n ), 

25 -les mercaptans de formule R m SH f 

-les phosphites de formule (0=)PH(-OR ,v )(-OR v ), 

-les silanes de formule R vl R v,I R vm SiH f 

ou 

-les ac&als de formule R rx CH(OR x )(OR x, ) ) 
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. D l oil olll d'V d V D VI d VII d VI1I d IX nX _ f pXl 

ou les groupements R.R.R ,R , R , R , R ,R ,R , K etK 
represented chacun, de fagon independante, un radical alkyle, cycloalkyle, 
alcoxy, alcene, acyle, aryle, aralkyle, aralcenyle ou aralcynyle, ces radicaux 
pouvant etre eventuellement substitues. 

5 9. Proc6de selon Tune quelconque des revendications 1 a 8, 

caracterise en ce que le compose (C) est mis en oeuvre a raison de 1 a 50000 
equivalents molaires, et de preference de 2 § 10000 Equivalents molaires par 
rapport au polymere (A). 

10. Proced6 selon Tune quelconque des revendications 1 a 9, 
10 caracterise en ce que Tetape de mise en contact du polymere vivant (A), de la 
source de radicaux libres (B) et du compose organique porteur de Phydrogene 
labile (C) est conduite a une temperature comprise entre 0°C et +200°C. 
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PROCEDURE FOR THE RADICAL REDUCTION OF DITHIOCARBONYL 
OR DITHIOPHOSPHORYL GROUPS IN A POLYMER 

The present invention relates to a procedure for the radical reduction of dithiocarbonyl 
or dithiophosphoryl groups in a polymer, which procedure is based on living radical 
polymerization and which provides, in particular, access to polymers have a controlled 
architecture, and, specifically, sequenced copolymers, that have no such dithiocarbonyl or 
dithiophosphoryl groups. 

In the present descriptive specification, unless otherwise indicated, the term 
"polymer" refers, in the broadest sense, to both homopolymers and copolymers. The 
polymers may consist of polymers (i.e., homopolymers) or copolymers (i.e., statistical, 
diblock, triblock, hybrid, star, or hyper-branched copolymers). 

More specifically, as used with regard to the invention, the term "controlled-architecture 
polymer" refers to a polymer based on two or more monomers, in which polymer the position of 
the said constituent monomers is controlled. 

The term "sequenced polymer" (or "block copolymer"), as used with regard to the 
invention, refers to a copolymer having at least two successive chain links (blocks) consisting of 
monomers with different chemical constitutions. Each of the blocks that are present may 
consist of a homopolymer or a copolymer obtained from a mixture of ethylenically 
unsaturated monomers. In the latter case, the block may, in particular, be a statistical 
copolymer. Thus, the block copolymers within the context of the invention may include 
two blocks, each of which in turn consists of statistical copolymers. In this case, the 
ethylenically unsaturated monomers are such that the resulting blocks are of different 
kinds. The term "blocks are of different kinds" refers to either blocks consisting of 
monomers of different kinds, or blocks consisting of monomers of the same kind that are 
present in different quantities. 

Controlled-architecture polymers, such as (for example) sequenced polymers, are 
customarily prepared through ionic polymerization. However, this type of polymerization has 
the disadvantage of allowing only the polymerization of certain types of apolar monomers, 
such as styrene or butadiene. Moreover, ionic polymerization usually entails severe 
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operational constraints, including, in particular, a reaction mixture that is notably free from 
impurities, and operating temperatures that are often below room temperature, in order to 
minimize the occurrence of parasitic reactions. 

Such constraints are not present in radical polymerization, which also has the advantage 
of being employable within the context of the polymerization of other types of monomers. 
Consequently, radical polymerization is rapidly attracting interest within the context of the 
preparation of controlled-architecture polymers consisting of sequenced copolymers. 

Nevertheless, in a conventional radical polymerization reaction, the reactivity of the 
growing macroradicals is usually non-selective, and the chains are usually terminated 
irreversibly via coupling or dismutation. Consequently, in radical polymerization, it is 
usually very difficult to control the structure of the resulting chains. In particular, it is 
extremely difficult to obtain polymers with functional groups at the ends of chains. In the 
most general case, this difficulty limits the options for obtaining sequenced copolymers. 

In order to overcome these difficulties, specific radical polymerization procedures have 
recently been developed, in which the growing polymer chains and the final chains are 
functionalized by terminal groups that can be rendered reactive in the form of free radicals, by 
means of reversible termination or transfer reactions. 

This type of specific radical polymerization is usually referred to as "controlled" or "living" 
radical polymerization. These names are based on the fact that the presence of the reactive 
terminal groups described hereinabove induces the presence of equilibriums between 
functionalized species (known as "dormant" species) and active species (the free radicals). 
As a result, it becomes possible to control the growth of the polymer chains (thereby 
obtaining mass distributions within a narrow range and control of the mean molecular weight, 
particularly by manipulating the molar ratio between the monomer and the precursor of the 
active chains), and also to obtain functionalized (so-called "living") polymers, i.e., polymers 
that can be employed as species that can be rendered reactive in subsequent radical 
polymerization reactions - a property that is particularly valuable in the preparation of 
sequenced copolymers. For more detailed information on this subject, see "Controlled 
Radical Polymerization" (K. Matyjaszewski, ed.), in ACS Symposium Series 685 (1998) and ACS 



3 



Symposium Series 768 (2001), both published by the American Chemical Society, Washington, 
D.C. 

Living (or controlled) radical polymerization ideally has the following distinctive aspects: 

1 . A number of chains that remains fixed throughout the duration of the reaction; 

2. A growth speed that stays very close to a given mean value for all of the growing 
polymer chains, and, advantageously, a growth speed that is identical for all of the 
chains, as manifested by: 

- An increase in the molecular weights as the conversion occurs, which increase is 
advantageously a linear one; 

- A narrowly limited weight distribution; 

3. The option of controlling the mean molecular weight, based on the molar ratio 
between the monomer and the chain precursor. 

Within this context, multiple controlled (living) polymerization procedures, known as 
"reversible chain transfer" procedures, have been developed, which employ addition- 
fragmentation mechanisms. This specific polymer synthesis is achieved by performing a 
radical polymerization in the presence of reversible transfer agents and a free-radical 
source, which is usually triggered thermally, leading to the acquisition of polymers with 
functional groups. This type of polymerization is one of the most appropriate technologies 
for synthesizing block copolymers using the radical approach. 

For more information about this type of reversible addition-fragmentation transfer 
[RAFT] polymerization, see (for example) patent applications No. WO 98/01478 or 
No. WO 99/35178, which describe the use of reversible transfer agents of the RS(C=S)R' type 
for the synthesis of controlled-architecture copolymers. The use of dithiocarbamate transfer 
agents of the RS(C=S)NR'R" type to control radical polymerizations has also been 
described in patent applications No. WO 99/35177 and No. WO 99/31 144. Still with 
reference to this type of reversible-transfer polymerization, a procedure for the preparation 
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of hybrid silicone-and-organic copolymers, using thermally activated radical polymerization, 
has also been described in French patent application No. 00/09722, filed by the present 
applicant on July 25, 2000. These hybrid copolymers, which consist of a silicone skeleton 
and carriers of organic groups, are prepared from a silicone precursor, at least one organic 
ethylenically unsaturated monomer, and a radical polymerization initiator. Within the 
context of thermally triggered living radical polymerization, the xanthates having the 
general formula RSC(=S)OR\ as described (for example) in patent applications 
No. WO 98/58974, No. WO 00/75207, and No. WO 01/042312, are especially worthwhile 
reversible transfer agents, which make it possible to control the radical polymerization 
of a substantial number of monomers, such as styrene, acrylic, acrylamide, vinyl ester, 
and diene monomers. 

Regardless of the specific implementation of a living radical polymerization reaction, the 
polymer chains obtained upon completion of such a reaction usually have functional groups at 
the end of the chain. The presence of these functional groups usually imparts to the 
chains a useful "living" nature, such that the chains can serve as reactive species in later 
polymerization reactions. This property is particularly worthwhile in the synthesis of 
controlled-architecture polymers, and, specifically, in the synthesis of sequenced 
copolymers. However, as a general rule, the reactive groups that are present at the ends of 
chains in the polymers obtained at the conclusion of a living radical polymerization are also 
fragile. For example, they can often be hydrolyzed in a basic medium. These hydrolysis 
reactions can release byproducts - such as (for example) carbonyl sulfide, for the polymers 
with reactive xanthate groups - that have a low molecular weight and that are malodorous 
and/or toxic to the environment and to human beings. 

One of the goals of the present invention is to provide a procedure that enables the 
removal of the reactive groups from certain polymers obtained through a living 
polymerization reaction. 

Another goal of the invention consists of providing a procedure for the preparation 
of polymers that have the advantages of the polymers obtained through a living 
polymerization reaction (that is, specifically, a mean molecular weight, expressed by the 
Mn number, that is well controlled, and a narrowly limited weight distribution), but that do not 
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contain, at the ends of their chains, the reactive groups that can lead to the disadvantages 
described hereinabove. 

These goals, and others that will become clear through a reading of the present 
descriptive specification, are achieved by the present invention, which relates to a 
procedure for the preparation of a polymer, which procedure includes a stage consisting of 
placing in contact: 

(A) At least one living organic polymer having, at the end of its chain, at least one 
reactive dithiocarbonyl or dithiophosphoryl group; 

(B) At least one source of free radicals; and 

(C) At least one organic compound containing a labile hydrogen atom. 

More specifically, this stage allows the dithiocarbonyl or dithiophosphoryl group 
present in the said living organic polymer to be replaced by a hydrogen atom. 

The term "living organic polymer," as used in the present descriptive specification, 
refers to any and all polymers, within the context of the invention, that are based at least 
partially on organic monomers and that can be obtained through a living radical polymerization 
procedure. 

The living organic polymers that are used in the procedure according to the 
invention may advantageously consist of controlled-architecture copolymers, and may 
also consist of (for example) sequenced copolymers. Regardless of their specific 
structure, these living organic polymers include, at the ends of their chains, at least one 
reactive dithiocarbonyl or dithiophosphoryl group, i.e., an -S(C=S)-R group or an - 
S(P=S)-R group, respectively, in which "R" designates any organic group. 

Thus, the reactive dithiocarbonyl or dithiophosphoryl group that is present at the end of 
the chain in polymer (A), as used in the procedure according to the invention, may 
advantageously consist of an -S(C=S)-R group or an -S(P=S)-R group, where "R" 
designates: 
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(i) An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl or alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, or a 
polymer chain; 

(ii) An -OR a radical, in which "R a " designates a group selected from among: 

- An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl, alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, or else 
a polymer chain; 

- A -CR b R c PO(OR d )(OR e ) group, in which: 

- R b and R c represent, independently of each other, a hydrogen atom, a halogen 
atom, a perfluoroalkyl group, a carbon ring, or a heterocyclic compound; or 
else a -N0 2 , -NCO, or -CN group; or a group selected from among the 
groups of the following type: -R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , -OOCR f , - 
CONR f R 9 , or S0 3 R f , in which R f and R 9 independently designate an alkyl, 
alkenyl, alkynyl, aryl, aryl [sic; "acyl" is most probably the intended word here 
— TrJ, aryl-alkyl, aryl-alkenyl, or aryl-alkynyl group; 

or else R b and R c form, along with the carbon atom to which they are attached, a 
C=0 or C=S group, or else a hydrocarbon ring or a heterocyclic compound; and 

- R d and R e represent, independently of each other, a radical corresponding to 
one of the definitions given hereinabove for the R f group; 

or else R d and R e together form a hydrocarbon chain containing from 2 to 4 carbon 
atoms, optionally interrupted by an -0-, -S-, or -NR h - group, where "R h " 
corresponds to one of the definitions given hereinabove for the R f group; 

(iii) An -NR'R J group, in which: 



7 



- R 1 and R j represent, independently of each other, a radical selected from among an 
alkyl, halogenoalkyl, alkenyl, alkynyl, acyl, ester, aryl, aryl-alkyl, aryl-alkenyl, or 
aryl-alkynyl group, or a carbon ring; or 

- R' and R J together form a hydrocarbon chain containing from 2 to 4 carbon atoms, 
optionally interrupted by an -O-, -S-, or -NR H - group, where "R H " corresponds to one 
of the definitions given hereinabove for the R f group, with the said hydrocarbon chain 
advantageously forming a ring, consisting of 5 groups, with the nitrogen atom to which 
R j and R j are attached, 

with the R' and R j radicals preferably inducing an electro-attractive effect or a 
derealization effect with respect to the electronic density of the nitrogen atom to which 
they are attached. 

Throughout the present descriptive specification, the collective term "alkyl" refers to a 
saturated, linear, or branched hydrocarbon radical that may include one or more saturated 
aliphatic rings. Within the context of the invention, the alkyl groups may have up to 25 carbon 
atoms. They preferably have 1 to 12 carbon atoms, and advantageously 1 to 6 carbon atoms. 

Specifically, within the context of the invention, an alkyl group may also designate a 
cycloalkyl group, i.e., a cyclic saturated hydrocarbon radical that preferably has from 3 to 10 
carbon atoms. 

Meanwhile, likewise within the context of the invention, a so-called "alkoxy" group refers 
to an -OAlk radical, where "Alk" designates an alkyl group, as defined hereinabove. 

Within the context of the invention, a "halogenoalkyl" group refers to an alkyl radical, 
as defined hereinabove, that is substituted by at least one halogen atom, with the term 
"halogen atom" referring here, as throughout the present descriptive specification, to a 
fluorine, chlorine, bromine, or iodine atom, and preferably to a fluorine or chlorine atom, and 
advantageously to a fluorine atom. Thus, for example, the "halogenoalkyl" groups 
according to the invention may consist of so-called "perfluoroalkyl" groups, i.e., within 
the context of the invention, groups having the formula -CH 2 C n F 2 n-M, where "n" 
represents an integer from 1 to 20. 
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Moreover, an "alkenyl" group, as the term is used in the present descriptive specification, 
refers to an unsaturated, linear, or branched hydrocarbon radical that has at least one carbon- 
carbon (C=C) double bond. The alkynyl groups according to the invention may have up to 25 
carbon atoms. They preferably have 2 to 12 carbon atoms, and advantageously 2 to 6 
carbon atoms. 

Similarly, the term "alkynyl" group refers to an unsaturated, linear, or branched 
hydrocarbon radical that has at least one carbon-carbon triple bond. The alkynyl groups 
according to the invention usually have from 2 to 25 carbon atoms. They preferably have 2 to 
15 carbon atoms, and advantageously 2 to 6 carbon atoms. 

Meanwhile, an "acyl" group, within the context of the invention, refers to a group having 
the formula -C(=0)-B, where "B" designates a linear or branched, saturated or unsaturated 
hydrocarbon chain that has from 1 to 25 carbon atoms, and that may, in particular, be an alkyl, 
alkenyl, or alkynyl group, as defined hereinabove. 

An "ester" group, within the context of the invention, refers to a group having the 
formula -C(=0)-OB, where "B" designates a linear or branched, saturated or 
unsaturated hydrocarbon chain that has from 1 to 25 carbon atoms, and that may, in 
particular, be an alkyl, alkenyl, or alkynyl group, as defined hereinabove. 

Within the context of the invention, a radical of the so-called "carbon-ring" type 
refers to a saturated, unsaturated, or aromatic cyclic group, particularly of the cycloalkyl, 
cycloalkenyl, or cycloalkynyl type, that may optionally be substituted and that has from 3 to 20 
carbon atoms. Meanwhile, a radical of the so-called "heterocyclic" type designates such a 
carbon ring that is interrupted by at least one heterocyclic atom, which atoms is selected (for 
example) from among N, O, and S. 

Meanwhile, within the context of the invention, a so-called "aryl" group designates a 
mono- or polycyclic aromatic group that usually has from 5 to 20 carbon atoms, and preferably 
6 to 10 carbon atoms. Thus, for example, such a group may consist of a phenyl group, or a 1- 
or 2-naphthyl group. In one specific variant, a so-called "aryl" group, within the context of the 
invention, may include one or more heterocyclic atoms, such as sulfur, oxygen, or nitrogen. In 
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this specific case, the so-called "aryl" group, within the context of the invention, designates a 
mono- or polycyclic heteroaromatic group. 

The so-called "arylalkyl", "aralkenyl", et "aralkynyl" groups, within the context of the 
invention, consist of alkyl, alkynyl [sic; "alkenyl" is most probably the intended word here - Tr.] t 
and alkynyl chains, respectively, substituted by an aryl group, as defined hereinabove. In other 
words, the so-called "arylalkyl", "aralkenyl", et "aralkynyl" groups, within the context of the 
invention, consist of Ar-Ra- groups, in which "Ar-" represents an aryl group and in which 
the -Ra- group represents an alkylene, alkenylene, or alkynylene chain, respectively. 

The various radicals may optionally be interrupted by one or more heterocyclic atoms 
selected, in particular, from among O, S, N, and Si; or by -(C=0)-, -(C=S)-, -S0 2 - or-SO- 
groups, or secondary or tertiary amines. They may be substituted by any type of group that 
cannot interfere with the polymerization reaction and that cannot cause parasitic reactions 
between the compounds that are present. In particular, they may be substitute by one or 
more groups, which may be identical or different, selected from among a halogen atom, a 
silyl group, or an -OH, alkoxy, -SH, thioalkoxy, -NH 2 , mono- or di-alkylamine, -CN, -COON, 
ester, amine, or perfluoroalkyl group. Any of the said substituents may optionally be interrupted 
by one or more heterocyclic atoms. Those skilled in the art will be able to select the various 
groups and substituents present in the compounds that are employed, so as to avoid any 
undesirable secondary reactions. 

The living organic polymer (A) employed in the procedure according to the invention is 
preferably a polymer that was obtained through a procedure that implemented living 
radical polymerization, using at least one reversible addition-fragmentation transfer 
agent, such as a dithioester, xanthate, dithiocarbamate, thioether-thione, 
trithiocarbonate, or dithiophosphoric ester, and that has, at least at one end of its chain, 
a reactive dithiocarbonyl or dithiophosphoryl portion derived from the said reversible transfer 
agents. 

For example, the living organic polymers (A) employed in the procedure according to 
the invention may be polymers that were obtained through a controlled radical 
polymerization procedure that was implemented by placing in contact one or more 
ethylenically unsaturated monomers, at least one free-radical source, and at least 



10 



one reversible transfer agent of the type described hereinabove. More specifically, the 
living organic polymers utilized in the procedure according to the invention may be sequenced 
polymers that were obtained through a copolymerization procedure consisting of N 
successive radical polymerization stages (where N is greater than or equal to 2), with the 
first of the said stages consisting of a controlled radical polymerization achieved by 
placing in contact one or more ethylenically unsaturated monomers, at least one free- 
radical source, and at least one reversible transfer agent of the type described 
hereinabove, and with the (N-1) subsequent stages consisting of controlled radical 
polymerizations achieved by placing in contact one or more ethylenically unsaturated 
monomers that are different from the ones employed in the preceding stage, at least 
one free-radical source, and the living polymer compound resulting from the 
preceding stage. 

Thus, the living organic polymers (A) utilized in the procedure according to the 
invention may advantageously be polymers resulting from a copolymerization procedure 
selected, for example, from among the procedures described in patent applications 
No. WO 98/01478 and No. WO 99/35178, which employ reversible transfer agents of the 
dithioester or dithiocarbamate type, or from among the procedures described in patent 
applications No. WO 98/58974, No. WO 00/75207, and No. WO 01/042312, which employ 
reversible transfer agents of the xanthate type. The polymers in question may also be 
polymers that were obtained through one of the procedures described in patent application 
No. WO 99/35177 or No. WO 99/31 144, which use reversible transfer agents of the 
dithiocarbamate type, or else through the procedure described in French patent 
application No. 2,794,464, which employs reversible transfer agents of the thioether-thione 
type. 

In one particular embodiment of the invention, the living organic polymers (A) 
utilized in the procedure according to the invention may also be the result of the 
procedure that employs reversible transfer agents of the dithiophosphoric ester type, 
such as the procedure described in French patent No. 00-109952, filed on July 28, 
2000 by the present applicant, i.e., through a procedure that includes at least one 
stage consisting of the radical polymerization of a compound containing: 

- At least one ethylenically unsaturated monomer; 
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- One free-radical source; and 



- At least one dithiophosphoric ester compound having the following general formula (F) 



R 2 — P-S-Ri 
I 

.Ra (F) 



in which: 



- Ri represents: 

• An alkyl, acyl, aryl, aralkyl, alkene, or alkyne group, and preferably an alkyl 
group, which is advantageously substituted; 

• An aromatic carbon ring or heterocyclic compound, either saturated or 
unsaturated, which may optionally be substituted; 

• A polymer chain, for example, a chain resulting from a radical or ionic 
polymerization procedure or from a polycondensation procedure; 

- R 2 and R 3 , which may be identical or different, represent: 

• A hydrogen atom; 



• -S-R«, where "R 4 " has one of the meanings mentioned hereinabove for Ri ; 

• An alkyl, acyl, aryl, aralkyl, or alkyne radical, which may optionally be 
substituted; 

• An aromatic carbon ring or heterocyclic compound, either saturated or 
unsaturated, which may optionally be substituted; 
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or else R 2 and R 3 together represent the atoms required to form an aromatic carbon 
ring or heterocyclic compound, either saturated or unsaturated, which may 
optionally be substituted; and 

- "p" is between 2 and 10, inclusive; 

the R 1? R 2 , and R 3 groups may be substituted, preferably by phenyl groups, which 
may optionally be substituted; aromatic groups, which may optionally be substituted; 
saturated or unsaturated carbon rings; saturated or unsaturated heterocyclic compounds; 
or alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxy (-COOH), acyloxy (-0 2 CR), 
carbamoyl (-CONR 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy (-OH), 
amino (-NR 2 ), halogen, perfluoroalkyl C n F 2n +i, allyl, epoxy, alkoxy (-OR), S-alkyl, or 
S-aryl groups; hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; 
the alkaline salts of sulfonic acid; poly(alkylene oxide) chains (of the poly(ethylene 
oxide) or poly(propylene oxide) type); or cationic substituents (quaternary ammonium 
salts), where "R" represents an alkyl or aryl group, or a polymer chain. 

The optionally substituted alkyl, acyl, aryl, aralkyl, or alkyne groups that are present 
within the dithiophosphoric esters having the formula (F) usually have 1 to 20, and 
advantageously 1 to 12, and most preferably 1 to 9 carbon atoms. They may be linear or 
branched. They may also be substituted by oxygen atoms (especially in the form of 
esters), sulfur atoms, or nitrogen atoms. 

The alkyl radicals that can be envisioned include, in particular the methyl, ethyl, propyl, 
butyl, pentyl, isopropyl, tert-butyl, pentyl [sic], hexyl, octyl, decyl, and dodecyl radicals. 

The aryl radicals include, in particular, the phenyl radical, which may optionally be substituted, 
especially by a nitro- or hydroxy! group. 

The aralkyl radicals include, in particular, the benzyl and phenethyl radicals, which 
may optionally be substituted, especially by a nitro- or hydroxyl group. 
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In this particular embodiment, the dithiophosphoric ester having the formula (F) may 
advantageously be a compound in which the group is selected from among the following 
groups: 

— CH2C6H5 
-CH(CH 3 )(C0 2 Et) 

-CH(CH 3 )(C 6 H 5 ) 
-CH(C0 2 Et) 2 

- C(CH3)(C0 2 Et)(S-C 6 H5) 
-C(CH 3 ) 2 (C 6 H S ) 
-C(CH 3 ) 2 CN 

or: 

H 0 
I II 

— C— C— Ph 
I 




where the "Et" symbol represents an ethyl group and the "Ph" symbol represents a phenyl 
group. 

Regardless of their exact structure, the dithiophosphoric esters having the formula (F) 
are readily available. In particular, they can be obtained through a reaction between P4S10, 
K 2 C0 3 , and a halogenated derivative, in accordance with a procedure described (for 
example) by Nizamov et al., in Phosphorous [sic], Sulfur, and Silicon, Vol. 132 (1998), 
pp. 85-100. Another method of obtaining the compounds having the formula (F) consists 
of causing a reaction between an alkaline metal salt of a dithiophosphonic acid and a 
halogenated derivative. On this subject, see Mastryukova et al. ( Bull. Acad. Sci. USSR. Div. 
Chem. Sci (English translation), Vol. 27 (1978), page 1917). 

In another possible embodiment, the living organic polymers (A) utilized in the 
procedure according to the invention may also be hybrid silicone-and-organic copolymers 
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obtained through a preparation procedure consisting of thermally activated radical 
polymerization, of the type described in French patent application No. 00/09722, filed by 
the present applicant on July 25, 2000, i.e., hybrid silicone-and-organic copolymers that 
include (r) x (u)ySiO t4 _( X +y)]/2 groups, in which: 

- x is equal to 0, 1 , 2, or 3; y is equal to 0, 1, 2, or 3; with 2 < (x+y) < 3, and the value of y is 
other than 0 for at least one of the groups in the hybrid copolymer; 

- The x (r) groups, which may be identical or different, individually represent: 

• A linear or branched alkyl radical containing from 1 to 8 carbon atoms, optionally 
substituted by at least one halogen atom, preferably a fluorine atom, and with the 
alkyl radicals preferably being methyl, ethyl, propyl, octyl, and 3,3,3-trifluoropropyl 
radicals; 

• A cycloalkyl radical containing from 5 to 8 cyclic carbon atoms, which may 
optionally be substituted; 

• An aryl radical containing from 6 to 12 carbon atoms, which may optionally be 
substituted, and which is preferably a phenyl or dichlorophenyl radical; 

• An aralkyl portion consisting of an alkyl portion containing from 5 to 14 carbon 
atoms and an aryl portion containing from 6 to 12 carbon atoms, optionally 
substituted, on the aryl portion, by halogen atoms, alkyls, and/or alkoxyls 
containing from 1 to 3 carbon atoms; 

- The y (u) groups, which may be identical or different, individually represent a group 
[having the following formula]: 
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s rx 1 ? 

C-S- -C— (CV=CV)a— CH 2 fcr2r3-C-w-Sp 
(r 1 )*— z It 



in which: 



- z, which may be different from one (u) group to another, represents a carbon 
atom, a sulfur atom, an oxygen atom, a phosphorus atom, a nitrogen atom, and/or 
a free valence, and preferably represents a sulfur or oxygen atom; 



- x' = 1 , 2, 3, or 4, depending on the valence of z; 

- each of the r 1 groups, which may be identical or different, represents: 



- an alkyl, acyl, aryl, alkene, or alkyne group, which may optionally be 
substituted; a carbon ring, which may be saturated or unsaturated, and optionally 
substituted and/or aromatic; and/or a heterocyclic compound, which may be 
saturated or unsaturated, and optionally substituted, which groups, rings and 
heterocyclic compounds may be substituted by substituted phenyl groups, 
substituted aromatic groups, or any of the following groups: alkoxycarbonyl or 
aryloxycarbonyl (-COOr 5 ), carboxy (-COOH), acyloxy (-0 2 Cr 5 ), carbamoyl (- 
CON(r 5 ) 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy (- 
OH), amino (-N(r 5 ) 2 ), halogen, allyl, epoxy, alkoxy (-Or 5 ), S-alkyl, or S-aryl groups; 
hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; the alkaline 
salts of sulfonic acid; polyalkylene oxide chains (PEO or POP); or cationic substituents 
(quaternary ammonium salts), wherein the r 5 groups, which may be identical or 
different, represent an alkyl or aryl group, and/or a polymer chain; 



-A group having the formula -C n F (2n +i), in which "n" is between 1 and 20; 
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- A group having the following formula: 



r 6 Or 8 

I I 
— C— P=0 

r 7 Or* 

in which: 

- r 6 and r 7 , which may or may not be identical, are selected from among: 

- A halogen group, -N0 2 , -S0 3 r 10 , -NCO, -CN, -Or 10 , -Sr 1 °, -N(r 1 °) 2 , - 
COOr 10 , -0 2 Cr 1 °, -CON(r 1 °) 2 , -NC0(r 1o ) 2 , and -CnF (2n+1)> in which "n M is 
between 1 and 20, and preferably equal to 1 , and r 1 ° represents a hydrogen atom 
or an alkyl, alkenyl, alkynyl, cycloalkenyl, cycloalkynyl, alkaryl, aralkyl, heteroaryl, 
or aryl radical, which may optionally be condensed to an aromatic or non- 
aromatic heterocyclic compound; which radicals may optionally be substituted 
by one or more groups, which may be identical or different, selected from 
among the halogen atoms or from among the =0, =S, -OH, alkoxy, SH, 
thioalkoxy, NH 2 , mono- or di-alkylamine, CN, COOH, ester, amide, and 
C n F (2n +i) groups, and/or which may optionally be interrupted by one or more 
atoms selected from among O, S, N, and P; 

- A heterocyclic group, which may optionally be substituted by one or more 
groups, as defined previously, wherein r 6 and r 7 , along with the carbon atom to 
which they are attached, form a C=0 or C=S group, a hydrocarbon ring, or a 
heterocyclic compound; and 

- r 8 and r 9 , which may be identical or different, represent a group as defined 
hereinabove for r 1 °; or together form a hydrocarbon chain having 2 to 4 carbon 
atoms, optionally interrupted by a heterocyclic atom selected from among O, S, 
and N; 
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- V and V, which may be identical or different, represent a hydrogen atom (H), an alkyl 
group, or a halogen atom; 

- X and X', which may be identical or different, represent a hydrogen atom (H), a 
halogen atom, or an R 4 , OR 4 , 0 2 C0R 4 , NHCOH, OH, NH 2 , NHR 4 , N(R 4 ) 2 , 
(R 4 ) 2 N + 0- NHCOR 4 , C0 2 H, C0 2 R 4 , CN, C0NH 2) CONHR 4 , or CONR 4 2 group, 
in which R 4 is selected from among the alkyl, aryl, aralkyl, alkaryl, alkene, or 
organosilyl groups, which may optionally be perfluorinated and which may optionally be 
substituted by one or more carboxyl, epoxy, hydroxyl, alkoxy, amino, halogen, or 
sulfonic groups; 

- r 2 and r 3 , which may be identical or different, represent: 

- a hydrogen atom; 

- an alkyl, acyl, aryl, alkene or alkyne group, which may optionally be 
substituted; a carbon ring, which may be saturated or unsaturated, optionally 
substituted, and/or aromatic; a heterocyclic compound, which may be 
saturated or unsaturated, optionally substituted; alkoxycarbonyl or 
aryloxycarbonyl (-C00R 5 ), carboxy (-COOH), acyloxy (-0 2 CR 5 ), carbamoyl (- 
C0NR 5 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, 
arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, guanidine, hydroxy 
(-OH), amino (-NR 5 2 ), halogen, allyl, epoxy, alkoxy (-OR 5 ), S-alkyl, or S-aryl 
groups; hydrophilic or ionic groups, such as the alkaline salts of carboxylic acids; 
the alkaline salts of sulfonic acid; polyalkylene oxide chains; or cationic substituents 
(quaternary ammonium salts), wherein the R 5 groups, which may be identical or 
different, represent an alkyl or aryl group, and/or a polymer chain, with the said 
radicals, rings, and heterocyclic compounds optionally being substituted by 
substituted phenyl groups, substituted aromatic groups, or any of the following 
groups: alkoxycarbonyl or aryloxycarbonyl (-C00R 5 ), carboxy (-COOH), acyloxy 
(-0 2 CR 5 ), carbamoyl (-CONR 5 2 ), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalimide, maleimide, succinimide, amidine, 
guanidine, hydroxy (-OH), amino (-NR 5 2 ), halogen, allyl, epoxy, alkoxy (-OR 5 ), S- 
alkyl, or S-aryl groups; hydrophilic or ionic groups, such as the alkaline salts of 
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carboxylic acids; the alkaline salts of sulfonic acid; polyalkylene oxide chains (PEO 
or POP); or cationic substituents (quaternary ammonium salts), wherein the R 5 
groups, which may be identical or different, represent an alkyl or aryl group, and/or 
a polymer chain; 

- w, which may be different from one (u) group to another, represents a divalent 
radical selected from among -O-, -NR*-, -NH-, and -S-; 

- Sp, which may be different from one (u) group to another, represents an 
organic divalent radical having the formula -(CH 2 ) X iii-, in which x m is between 1 
and 20, which radical may be substituted and/or which may contain at least one 
heterocyclic atom; 

-a = 0 or 1; 

- m > 1, and when m > 1, the repetitive unitary groups with the "m" index 
are identical or different. 

These specific polymers, which are advantageously in the form of a hybrid siltcone-and- 
organic copolymer, consisting of a linear silicone skeleton containing from 1 to 300 (and 
preferably from 1 to 200) (r) x (u)ySiO [4 -<x+y)]/2 groups, and a total of 1 to 50 V radicals, 
and preferably from 1 to 10 V radicals, can be obtained in accordance with a procedure 
that consists of causing a reaction in a mixture that includes: 

- A radical polymerization initiator; 

-At least one ethylenically unsaturated monomer having the following formula: 

CXX , (=CV-CV , ) a = CH 2 

and 

- One precursor silicone compound that includes groups, which may be identical 
or different, having the following formula: 
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in which: 



fxUySiO^-Cx+y)]^ 



- r, x, and y have the meanings indicated hereinabove, and 

- The y (u') radicals, which may be identical or different, are monovalent radicals 
having the following formula: 



S o 

« ■ 

C— S— Cr2r 3 — C— w— Sp- 



wherein r\ x\ z, r 2 , r 3 , w, and Sp are as defined hereinabove, and the (u') 
radicals are preferably selected from among the following radicals: 



o s 





(CH 2 >3— O CN — (CH^— S CH 3 

O S OS 



h 

— {CH 2 ) 3 -l/ CH 3 HC%H CH ; 



0 s 
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wherein R 1 represents a group that corresponds to the definition of the r 1 
group, as stated hereinabove. 



The precursor silicone compound utilized in the procedure for the preparation of hybrid 
copolymers is obtained by causing a reaction between: 

(i) A silicone that includes groups having the following formula: 

R x U n ySiO[4_( x +y)]/2 

in which the monovalent IT radical has the following formula: 



r -\ 

L CR2'R3-(C=0)-W-Sp 



J 



in which: 



- W and Sp are as defined hereinabove; 



- L is an electrofuge group, such as (for example) Br" CP, l~ OTs~ OMs~ 
(C 6 H 6 HC=0)-O-, (CH 3 )-(C=0)-0-, and (CF 3 )-(C=0)-Cr; and 



A compound selected from among the compounds having the following general formulas: 



c-s 



C-S.M* 



(Ri)x- Z 



(IX) 



(R'K — Z 



(X) 



c-s- 



(R')x' — Z 



/ 



•on, 



(XI) 



and L_ 



n 
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in which: 



- iVT represents K + , Na\ NFU + , or PR/, and R is defined in the same way as R in 
formula (I); 

■ 

- M" 2+ represents an alkaline-earth metal, such as Ca 2 "", Ba 2+ or Sr 2 "*" 4 "; 

- M"' represents Zn or Cd; "m" is equal to 1 or 2; "n" is equal to 1 , 2, 3, or 4; and 
"m" is preferably equal to 1 and "n" is preferably equal to 2. 

The silicone having this formula can be obtained, in particular, (i) from a silicone 
that includes groups having the formula: RxU"* y SiO [4 -<x + y)]/2, in which the monovalent IT 
radical has the formula -Sp-W, and (ii) from a compound having the following formula: 



H 



In accordance with another possible embodiment, the living organic polymers (A) utilized in the 
procedure according to the invention can also be so-called "star-shaped" polymers, such as the 
ones obtained through a procedure of the type described in French patent application No. 01- 
05144, filed on April 13, 2001 by the present applicant, i.e., a procedure that includes a 
stage consisting of the radical polymerization of a compound that includes: 

- One free-radical source; and 

- At least one polymer compound that was obtained through a living radical 
polymerization procedure and that has, at the end of the chain, at least one reactive 
dithiocarbonyl or dithiophosphoryl group; and 

- At least one reticulating (crosslinking) monomer; 
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with the said reticulating (crosslinking) monomer being selected from among organic 
compounds that are known to be reactive via the radical approach and that have from 2 to 
10, and preferably only 2, ethylenic unsaturated bonds, which monomer can advantageously 
be selected from among the acrylic, methacrylic, acrylamide, methacrylamide, vinyl ester, 
vinyl ether, diene, styrene, alpha-methyl styrene, and allyl derivatives. 

In an especially preferential way, the living organic polymers (A) utilized in the 
procedure according to the invention are polymers that are obtained through a 
polymerization or copolymerization procedure that includes at least one controlled radical 
polymerization stage that employs a reversible addition-fragmentation transfer [RAFT] 
agent selected from among a xanthate, a dithiocarbamate, and a dithioester. The said 
polymers advantageously consist of living polymers obtained through the use of transfer 
agents of the xanthate type. 

The phrase "free-radical source," within the context of the invention, refers broadly to 
any and all compounds or mixtures of compounds that can lead to the formation of radical 
species under appropriate working conditions (thermal activation, irradiation, etc.). The said 
compound or mixture of compounds is utilized under the required conditions. The free-radical 
source (B) utilized in the procedure according to the present invention is a compound or a 
mixture of compounds that leads to the formation of free radicals as a result of the effect of 
thermal treatment. Thus, it may (for example) involve a radical polymerization initiator of 
the standard type. Thus, the free-radical source (B) utilized in the procedure according to the 
invention may, in particular, be selected from among: 

- hydrogen peroxides, such as tert-butyl hydroperoxide, cumene hydroperoxide, t-butyl- 
peroxy acetate, t-butylperoxybenzoate, t-butylperoxyoctoate, t-butylperoxyneodecanoate, 
t-butyl peroxyisobutyrate, lauroyl peroxide, t-amyl peroxypivalate, t-butyl 
peroxypivalate, dicumyl peroxide, benzoyl peroxide, potassium persulfate, or even 
ammonium persulfate; 

- azo compounds, such as 2-2 , -azobis(isobutyronitrile), 2,2'-azobis(2-butanenitrile) J 4,4- 
azobis(4-pentanoic acid), 1 , 1 '-azobis(cyclohexane-carbonitrile), 2-(t-butylazo)-2- 
cyanopropane, 2,2'-azobis[2-methyl-N-(1,1)-bis(hydroxymethyl)-2-hydroxyethyl] 
propionamide, 2,2'-azobis(2-methyl-N-hydroxyethyl]-propionamide, 2,2 , -azobis(N,N'- 
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dimethyleneisobutyramidine) dichloride, 2,2'-azobis(2-amidinopropane) dichloride, 2,2'- 
azobis(N,N'-dimethylene isobutyramide), 2,2'-azobis(2-methyl-N-[1 ,1-bis(hydroxymethyl)- 
2-hydroxyethyl] propionamide), 2,2 , -azobis(2-methyl-N-[1,1-bis(hydroxymethyl)ethyl] 
propionamide), 2,2 , -azobis[2-methyl-N-(2-hydroxyethyl)propionamide], or even 2,2'-azobis 
(isobutyramide) dihydrate; or 

- Redox systems that include combinations such as (for example): 

- Mixtures of hydrogen peroxide, alkyl peroxide, peresters, percarbonates, 
and similar compounds, and a compound selected from among an iron salt, a 
titanium salt, zinc formaldehyde sulfoxylate, or sodium formaldehyde sulfoxylate, and 
reducing sugars; 

- Persulfates, perborates, or perchlorates of alkaline metals or ammonium 
persulfates, perborates, or perchlorates, in association with an alkaline metal bisulfite, 
such as sodium metabisulfite, and reducing sugars; and 

- Alkaline metal persulfates in associate with an arylphosphonic acid, such as 
benzene phosphonic acid, and other similar acids, and reducing sugars. 

The free-radical source (B) according to the invention preferably includes a peroxide, which, 
if used, is advantageously selected from among the compounds having one of formulas (I) through 
(IV) below: 



o—o 



R 



(I). 



0 



O — 0 — — R' 
0 



(II). 




0-R 



(HI), 
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R'— 0 



n 



O 
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in which the R' and R" groups, which may be identical or different, represent linear or branched 
alkyl groups, or aryl or aralkyl groups, which may optionally be substituted. 

Examples of peroxides that are particularly well suited to use as a free-radical 
source (B) according to the invention include, specifically, diisobutyryl peroxide, cumyl 
peroxyneodecanoate, ter-amyl peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, 
tert-butyl peroxyneodecanoate, dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, 
dimyristyl peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl peroxypivalate, 
didecanoyl peroxide, tert-amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 1,4- 
di(tert-butylperoxycarbo)cyclohexane, tert-butyl peroxyacetate, tert-butyl peroxybenzoate, 
di-tert-amyl peroxide, tert-butyl cumyl peroxide, bis-tert-butyl peroxide, dicumyl peroxide, 
dilauroyl peroxide, and di(4-tert-butylcyclohexyl)peroxydicarbonate. 

Regardless of its exact nature, the free-radical source (B) implemented in the procedure 
according to the invention is utilized under conditions that allow the production of free radicals, 
which is generally done via thermal activation, i.e., by raising the temperature of the reaction 
medium, usually to a temperature on the order of room temperature (approximately 20°C) to 
200°C, and preferably from 40°C to 180°C, and advantageously from 80°C to 160°C. 

The free-radical source utilized may be introduced into the reaction medium in 
one single increment. However, it may also be introduced gradually, either by portions 
or continuously. 

The quantity of the free-radical source depends on its effectiveness and on the manner 
in which the source is introduced. The free-radical source that is utilized is advantageously 
introduced in a quantity such that the amount of free radicals that can be released by the 
said source is between 50% and 200% (molar), and preferably between 100% and 150% 
(molar), in relation to the total molar amount of the dithiocarbonyl or dithiophosphoryl 
groups in all of the living organic polymers that are present in the medium. 

Another characteristic of the procedure according to the invention is the specific 
use of an organic compound (C) that contains a labile hydrogen atom. 
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The term "labile hydrogen atom," as used within the context of the invention, 
refers to a hydrogen atom that is attached to the organic compound by a sigma bond 
that is so weak that a homolytic radical rupture can occur. 

Without wishing to be constrained in any way to a single particular theory, it can 
nevertheless be suggested that, in the procedure according to the invention, free radicals 
(designated herein as "RL*"), obtained from the free-radical source employed, react with 
the dithiocarbonyl group -S(C=S)-R (or -S(P=S)-R) in the living organic polymer, so as to 
form radical species, in accordance with the following reaction diagram: 

(Pol)-S(C=S)-R + RL* <=> (Pol)* + RL-S(C=S)-R 

where (Pol) designates the polymer chain. The same reaction diagram can be applied for the - 
S(P=S)- group. 

The organic compound that contains a labile hydrogen atom, as utilized in 
accordance with the invention (designated as "Org-H"), can be assumed to act as a transfer 
agent for the hydrogen atom, reacting on the resulting (Pol)* radical in accordance with the 
following reaction diagram: 

(Pol)* + Org-H (Pol)H + Org* 

In any event, regardless of the exact mechanism employed in the procedure 
according to the invention, the outcome of the procedure consists of the substitution of 
the dithiocarbonyl or dithiophosphoryl group(s), as initially present in the living organic 
polymer, by one or more hydrogen atoms. 

The organic compound (C) that contains a labile hydrogen atom that is utilized 
according to the invention is preferably selected from among: 

- The secondary alcohols having the formula (HO)CH(R')(R M ); 

- The mercaptans having the formula R IM SH; 

- The phosphites having the formula (0=)PH(-OR lv )(-OR v ); 

- The silanes having the formula R vl R vl, R vl,, SiH; or 
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- The acetals having the formula R lx CH(OR x )(OR xl ); 

wherein the R r , R", R m , R ,v , RV, R VI , R v ", R vm > R IX , R x , and R XI groups represent, 
independently of each other, an alkyl, cycloalkyl, alcoxy, alkene, acyl, aryl, aralkyl, aralkenyl, or 
aralkynyl radical, which radicals may optionally be substituted. 

The said organic compound (C) that contains a labile hydrogen atom is 
advantageously selected from among 2-propanol, 2-butanol, 2-octanol, mercaptoethanol, 
diethyl phosphite, benzaldehyde dimethylacetate, and dimethylphenylsilane. More 
specifically, the said organic compound (C) is 2-propanol. 

Furthermore, the organic compound (C) that contains a labile hydrogen atom, as 
employed according to the invention, is usually an organic compound that is capable of 
serving as a solvent for the living polymer utilized, which has at the end of the chain at 
least one reactive dithiocarbonyl or dithiophosphoryl group. In this case, the quantity of the 
compound (C) that is employed usually consists of 1 to 50,000 molar equivalents, and 
preferably from 2 to 10,000 molar equivalents, in relation to the polymer (A). 

If this compound is not capable of performing this function, the reaction is preferably 
conducted in the presence of a co-solvent, which, if used, is selected in particular from among 
water, ethanol, toluene, and tetrahydrofuran (THF). In this case, the quantity of the compound 
(C) that is employed usually consists of 1 to 200 molar equivalents, and advantageously from 
20 to 100 molar equivalents, in relation to the polymer (A). 

In the most general case, the compound (C) is employed at a ratio of 1 to 50,000 
molar equivalents, and preferably from 2 to 10,000 molar equivalents, in relation to the 
polymer (A). 

Furthermore, in the procedure according to the invention, the stage consisting of 
placing in contact the living polymer (A), the free-radical source (B), and the organic 
compound containing a labile hydrogen atom (C) usually takes place at a temperature 
that is high enough to allow the effective priming of the free-radical source. However, in 
most cases it is likewise preferable for the said temperature to be lower than, or equal to, 
the boiling point of the various reagents being employed. Otherwise the procedure 
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according to the invention must be implemented under pressure. Of course, doing so does not 
compromise the overall effectiveness of the procedure; however, operating under pressure 
can translate into higher implementation costs. 

Therefore, in the most general case, operating at atmospheric pressure, this stage is 
preferably conducted at a temperature between 0°C and 200°C. This operating temperature is 
preferably above 20°C and advantageously below 180°C. Therefore, this temperature is 
typically between 40°C and 160°C. 

The following non-limitative examples illustrate the procedure according to the 
invention. 

EXAMPLES 

Example 1 : 

[a] Synthesis of an O-ethyl xanthate terminated polyacrylic acid: 

The following compounds were placed in a two-necked flask capped by a cooling device: 7 g 
of acrylic acid, 28 g of ethanol, 2.02 g of S-ethylpropionyl O-ethyl xanthate, and 0.48 g 
of azobis-isobutyronitrile. The mixture was brought to a temperature of 70°C for 4 hours. 
The resulting polyacrylic acid had the following properties: Mn = 2950 g/mole, Mw/Mn = 
1.19. 

"Mn" js the mean molecular mass, expressed as a number. It was measured by steric 
exclusion chromatography (SEC) in water, with relative calibration using ethylene polyoxide. 

Mw/Mn is the polymolecularity index (as provided via SEC). "Mw" is the mean 
molecular weight. 

[b] Radical reduction of the O-ethyl xanthate terminated polyacrylic acid 
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A sample was taken that consisted of 20 ml of the polyacrylic acid solution obtained in 
Example 1, and 27.8 g of 2-propanol were added to this sample. The mixture was then 
brought to a temperature of 80°C. Then 0.37 g of dilauroyl peroxide was introduced every 
2 hours for 14 hours. 

The system was kept at the above-mentioned temperature for an additional 3 hours. At the 
end of the reaction, the raw reaction product was analyzed via SEC in water. During UV 
detection at 290 nm (the wavelength at which the S(C=S) xanthate group is very 
strongly absorbent), complete disappearance of the signal was observed. This 
observation is typical of the total reduction of the end of the xanthate chain. 

Likewise, after purification of the sample via liquid-liquid extraction (hexane/ether), the analysis 
of the purified polyacrylic acid via proton-based and carbon-based NMR [nuclear magnetic 
resonance] revealed the absence of the signals that are typical of the xanthate end [of the 
chain]. 

Example 2 : 

- Radical reduction of the O-ethyl xanthate terminated polyacrylic acid 

A sample was taken that consisted of 20 ml of the polyacrylic acid whose synthesis was 
described hereinabove, and 27.8 g of 2-propanol were added to this sample. The mixture 
was then brought to a temperature of 80°C. Then 3.7 [g] of p-di-t-butylcyclohexyl 
percarbonate were introduced, and the reaction was conducted at this temperature for 5 
hours. 

At the end of the reaction, the raw reaction product was analyzed via SEC in water. 
During UV detection at 290 nm (the wavelength at which the S(C=S) xanthate group is 
very strongly absorbent), complete disappearance of the signal was observed. This 
observation is typical of the total reduction of the end of the xanthate chain. 

Likewise, after purification of the sample via liquid-liquid extraction (hexane/ether), the 
analysis of the purified polyacrylic acid via proton-based and carbon-based NMR revealed 
the absence of the signals that are typical of the xanthate end [of the chain]. 
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CLAIMS 



1. Procedure for the preparation of a polymer, which procedure includes a stage 
consisting of placing in contact: 

(A) At least one living organic polymer having, at the end of its chain, at least one 
reactive dithiocarbonyl or dithiophosphoryl group; 

(B) At least one free-radical source; and 

(C) At least one organic compound containing a labile hydrogen atom. 

2. Procedure according to Claim 1, characterized in that the said reactive 
dithiocarbonyl or dithiophosphoryl group that is present at the end of the chain in 
polymer (A) is a -S(C=S)-R or -S(P=S)-R group, where "R" designates: 

(i) An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl or alkynyl, acyl, aryl, aryl-alkyl, 
aryl-alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic 
compound, or a polymer chain; 

(ii) An -OR a radical, in which R a designates a group selected from among: 

- An alkyl, halogenoalkyl, perfluoroalkyl, alkenyl, alkynyl, acyl, aryl, aryl-alkyl, aryl- 
alkenyl, or aryl-alkynyl group, or else a carbon ring or a heterocyclic compound, 
or else a polymer chain; 

- A -CR b R c PO(OR d )(OR e ) group, in which: 

- R b and R c represent, independently of each other, a hydrogen atom, a 
halogen atom, a perfluoroalkyl group, a carbon ring, or a heterocyclic 
compound; or else a -N0 2 , -NCO, or -CN group; or a group selected from 
among the groups of the following type: -R f , -S0 3 R f , -OR f , -SR f , -NR f R g , - 
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OOCR f , -C0NR f R 9 , or S0 3 R f , in which R f and R 9 independently 
designate an alkyl, alkenyl, alkynyl, aryl, aryl [sic; "acyl" is most probably the 
intended word here - Tr.] t aryl-alkyl, aryl-alkenyl, or aryl-alkynyl group; 

or else R b and R c form, along with the carbon atom to which they are 
attached, a C=0 or C=S group, or else a hydrocarbon ring or a 
heterocyclic compound; and 

- R d and R e represent, independently of each other, a radical 
corresponding to one of the definitions given hereinabove for the R f 
group; 



or else R d and R e together form a hydrocarbon chain containing from 2 to 
4 carbon atoms, optionally interrupted by an -O-, -S-, or -NR h - group, 
where "R h " corresponds to one of the definitions given hereinabove for the 
R f group; 

(iii) a -NR'R j group; wherein: 

- R' and R j represent, independently of each other, a radical selected from 
among an alkyl, halogenoalkyl, alkenyl, alkynyl, acyl, ester, aryl, aryl-alkyl, 
aryl-alkenyl, or aryl-alkynyl group, or a carbon ring; or 

- R' and R J together form a hydrocarbon chain containing from 2 to 4 carbon 
atoms, optionally interrupted by an -0-, -S-, or — NR H - group, where "R H " 
corresponds to one of the definitions given hereinabove for the R f group, with 
the said hydrocarbon chain advantageously forming a ring, consisting of 5 
groups, with the nitrogen atom to which R 1 and R j are attached, 

with the R' and R J radicals preferably inducing an electro-attractive or deiocalization 
effect with respect to the electronic density of the nitrogen atom to which they are 
attached. 



32 



Procedure according to Claim 1, characterized in that the living organic polymer 
(A) is a polymer resulting from a procedure that implements living radical 
polymerization, using at least one reversible addition-fragmentation transfer 
agent, such as a dithioester, xanthate, dithiocarbamate, thioether-thione, trithiocarbonate, 
or dithiophosphoric ester. 



Procedure according to Claim 3, characterized in that the polymer (A) is obtained through a 
polymerization or copolymerization procedure that includes at least one radical polymerization 
stage that is controlled through the use of a reversible addition-fragmentation transfer agent 
selected from among a xanthate, a dithiocarbamate, or a dithioester. 

Procedure according to any one of claims 1 through 3, characterized in that the free-radical 
source (B) includes a peroxide selected from among the compounds having one of formulas 
(I) through (IV) below: 



R' O—O — R" 



(I), 



o o 



R— 0—^—0 — O— fpO-R" 

0 0 (Ml), 

and 



R' — 0 — ^| — 0 O-R" 

O 



(IV), 



in which the R' and R" groups, which may be identical or different, represent linear or 
branched alkyl groups, or aryl or aralkyl groups, which may optionally be substituted. 



Procedure according to Claim 5, characterized in that the free-radical source (B) includes a 
peroxide selected from among diisobutyryl peroxide, cumyl peroxyneodecanoate, ter-amyl 
peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, tert-butyl peroxyneo- 
decanoate, dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, dimyristyl 
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peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl peroxypivalate, 
didecanoyl peroxide, tert-amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 
1 ,4-di(tert-butylperoxycarbo)cyclohexane, tert-butyl peroxyacetate, tert-butyl 
peroxybenzoate, di-tert-amyl peroxide, tert-butyl cumyl peroxide, bis-tert-butyl peroxide, 
dicumyl peroxide, dilauroyl peroxide, and di(4-tert-butylcyclohexyl)peroxydicarbonate. 

Procedure according to any one of claims 1 through 6, characterized in that the free-radical 
source (B) is introduced in a quantity such that the amount of free radicals that can be 
released by the said source is between 50% and 200% (molar) in relation to the total molar 
amount of the dithiocarbonyl or dithiophosphoryl groups present in all of the living 
organic polymers (A). 

Procedure according to any one of claims 1 through 7, characterized in that the organic 
compound (C) containing a labile hydrogen atom is selected from among: 

- The secondary alcohols having the formula (HO)CH(R , )(R"), 

- The mercaptans having the formula R MI SH, 

- The phosphites having the formula (0=)PH(-OR ,v )(-OR v ), 

- The silanes having the formula R v, R VM R vl,l SiH, or 

- The acetals having the formula R lx CH(OR x )(OR xl ), 

wherein the R 1 , R M , R m , R ,v , R v , R VI , R VM , R vm , R ,x , R x , and R XI groups represent, 
independently of each other, an alkyl, cycloalkyl, alcoxy, alkene, acyl, aryl, aralkyl, 
aralkenyl, or aralkynyl radical, which radicals may optionally be substituted. 

Procedure according to any one of claims 1 through 8, characterized in that the organic 
compound (C) is utilized at a ratio of 1 to 50,000 molar equivalents, and preferably of 2 to 
10,000 molar equivalents, in relation to the polymer (A). 

Procedure according to any one of claims 1 through 9, characterized in that the stage 
consisting of placing in contact the living polymer (A), the free-radical source (B), and the 
organic compound containing a labile hydrogen atom (C) takes place at a temperature 
between 0°C and +200°C. 
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1 

PROCEDE DE REDUCTION RADICALAIRE DE FONCTIONS DITHIOCARBONYLEES 
OU DITHIOPHOSPHORYLEES PORTEES PAR UN POLYMERE 

La presents invention a trait a un procede de reduction radicalaire 
de fonctions dithiocarbonylees ou dithiophosphorylees portees par un polymere 
5 issu d'une polymerisation radicalaire vivante, donnant en particulier acces a des 
polymeres a architecture controlee, et en particulier a des copolymeres 
sequences, ne presentant pas de telles fonctions dithiocarbonylees ou 
dithiophosphorylees. 

* 

Dans la presente description, en I'absence dedications contraires, 
10 le terme "polymere" sera utilise pour designer, au sens large, aussi bien des 
homopolymeres que des copolymeres. Les polymeres peuvent correspondre a 
des polymeres (homopolymeres) ou des copolymeres (statistiques, diblocs, 
triblocs, greffes ou en etoile, ou hyperramifies) 

De facon plus specifique, au sens de invention, on entend par 
15 "polymere a architecture contr6lee" un polymere a base de deux ou plusieurs 
monomeres presentant un agencement contrdle de ces differentes unites 
monomeres le constituant. 

Par "polymere sequence" (ou "copolymere a blocs"), on entend 
designer, selon I'invention, un copolymere comprenant au moins deux 

20 enchaTnements (blocs) successifs d'unites monomeres de constitutions 
chimiques differentes. Chacun des blocs presents peut §tre constitue d'un 
homopolymere ou d'un copolymere obtenu a partir d'un melange de monomeres 
ethyleniquement insatures. Dans le second cas, le bloc peut notamment etre un 
copolymere statistique. Les copolymeres a blocs au sens de I'invention peuvent 

25 ainsi comprendre deux blocs constitues, chacun, de copolymeres statistiques. 
Dans ce cas, les monomeres ethyleniquement insatures sont tels que les blocs 
obtenus sont de natures differentes. Par "blocs de natures differentes", on entend 
soit des blocs constitues de monomeres de types differents, soit des blocs 
constitues de monomeres de meme type mais dans des quantites differentes. 
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Les polymeres a architecture controiee, tels que les polymeres 
sequences, sont habituellement prepares par polymerisation ionique. Ce type de 
polymerisation presente toutefois ['inconvenient de ne permettre la polymerisation 
que de certains types de monomeres apolaires, tels que le styrene et le 
5 butadiene. De plus, la polymerisation ionique requiert generalement des 
contraintes de mise en oeuvre severes, et notamment un milieu reactionnel 
particulierement exempt d'impuretes et des temperatures de mises en oeuvre 
souvent inferieures a I'ambiante, de manidre & minimiser I'apparition de reactions 
parasites. 

10 De telles contraintes n'existent pas dans le cas de la polymerisation 

radicalaire, qui presente en outre I'avantage de pouvoir etre mise en oeuvre dans 
le cadre de la polymerisation d'autres type de monomeres. De ce fait, on s'est 
rapidement int6ress6 a la polymerisation radicalaire dans le cadre de la 
preparation de polymeres a architecture controiee du type des copolymeres 

15 sequences. 

Cependant, lors d'une reaction de polymerisation radicalaire 
conventionnelle, les macroradicaux en croissance ont generalement une 
reactivite non-seiective et les chaTnes se terminent generalement de fagon 
irreversible par couplage ou dismutation. Par consequent, en polymerisation 
20 radicalaire, il est generalement tres difficile de controler la structure des chaTnes 
realisees et il est en particulier extremement difficile de realiser des polymeres 
fonctionnalises en bout de chaTne, ce qui limite, dans le cas le plus general, les 
possibilites d'obtenir des copolymeres sequences. 

De fagon a surmonter ce type de difficultes, on a recemment 
25 developpe des precedes de polymerisation radicalaire particuliers, dans lesquels 
les chaTnes polymeres en croissance ainsi que les chaTnes realisees in fine sont 
fonctionnalisees par des groupements terminaux susceptibles de pouvoir etre 
reactives sous forme de radicaux libres grace a des reactions de terminaisons ou 
de transferts reversibles. 



WO 02/090397 



PCT/FR02/01537 



3 

Ce type de polymerisation radicalaire specifique est generalement 
designe par le terme de polymerisation radicalaire "controlee" ou "vivante". Ces 
denominations proviennent du fait que la presence des groupements terminaux 
reactivates decrits ci-dessus induit I'existence d'equilibres entre des especes 
fonctionnalisSes (dites espdces "dormantes") et des especes actives (radicaux 
libres), ce qui permet a la fois de maTtriser la croissance des chaTnes polymeres 
(obtention de distributions des masses resserr6es et contrdle de la masse 
moleculaire moyenne, notamment en jouant sur le rapport molaire monomere / 
precurseur de chaTnes actives) et d'obtenir des polymeres fonctionnalises, dits 
"vivants", c'est a dire capables d'etre mis en oeuvre a titre d'especes reactivates 
dans des reactions de polymerisations radicalaires subsequentes, ce qui s'avere 
particulierement interessant dans le cadre de la preparation de copolymeres 
sequences. Pour plus de details a ce sujet, on pourra notamment se referer ^ K. 
Matyjaszewski, Ed. Controlled Radical Polymerization, ACS Symposium Series 
685, American Chemical Society Washington, DC, 1998 et ACS Symposium 
Series 768,2001. 

La polymerisation radicalaire vivante (ou controlee) presente 
idealement les aspects distinctifs suivants : 

1 . un nombre de chaTnes fixe pendant toute la duree de la reaction ; 

2. une vitesse de croissance tres resserree autour d'une valeur 
moyenne, pour toutes les chaTnes polymere en croissance, et avantageusement 
une vitesse de croissance identique pour toutes les chaTnes, ce qui se traduit 
par : 

- une augmentation des masses moleculaires avec la conversion, 
avantageusement de fagon lineaire; et 

- une distribution des masses resserree ; 

3. une possibility de controle de la masse moleculaire moyenne par 
le rapport molaire monomere / precurseur de chaTne ; 
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Dans ce cadre, on a en particulier developpe de multiples precedes 
de polymerisations controlees (vivantes), drts "par transfert reversible de 
chaTnes", mettant en oeuvre des m6canismes d'addition-fragmentation. Cette 
synthese particuliere de polymere est realisee en effectuant une polymerisation 
5 radicalaire en presence d'agents de transfert reversible et d'une source de 
radicaux libres, generalement amorcee thermiquement, ce qui conduit a 
I'obtention de polymeres fonctionnalis£s. Ce type de polymerisation est une des 
technologies les plus approprtees pour synthetiser des copolymeres & blocs par 
voie radicalaire. 

10 Pour plus de renseignement concemant ce type de polymerisations 

par transfert reversible par addition-fragmentation, on pourra se reporter par 
exemple aux demandes de brevets WO 98/01478 ou WO 99/35178, qui decrivent 
I'utilisation d'agents de transfert reversible de type dithioesters de type RS(C=S)R' 
pour la synthese de copolymeres a architecture contrdl6e. La mise en ceuvre 

15 d'agents de transfert dithiocarbamates de type RS(C=S)NR'R" pour realiser le 
controle de polymerisations radicalaires a 6galement ete decrit dans les 
demandes de brevets WO 99/35177 ou WO 99/31144. Toujours en ce qui 
concerne ce type de polymerisation par transfert reversible, un procede de 
preparation par polymerisation radicalaire sous activation thermique de 

20 copolymeres hybrides silicones/organiques a egalement ete decrit dans la 
demande de brevet frangais FR 00/09722 dSposee par la Demanderesse le 25 
juillet 2000. Ces copolymeres hybrides sont constitues d'un squelette silicone et 
porteurs de groupements organiques, ils sont prepares a partir d'un precurseur 
silicone, d'au moins un monomere ethyleniquement insature organique et d'un 

25 initiateur de polymerisation radicalaire. Dans le cadre de la polymerisation 
radicalaire vivante par amor?age thermique, les xanthates de formule g£n£rale 
RSC(=S)OR\ decrits par exemple dans les demandes de brevets WO 98/58974, 
WO 00/75207 et WO 01/042312 sont des agents de transfert reversible 
particuli6rement interessants, qui permettent de controler la polymerisation 

30 radicalaire de bon nombre de monomeres tels que les monomeres styreniques, 
acryliques, acrylamides, esters vinyliques et di£niques. 
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Quel que soit le mode exact de mise en oeuvre d'une reaction de 
polymerisation radicalaire vivante, les chaTnes polymeres obtenues a Tissue d f une 
telle reaction sont le plus souvent fonctionnalisees en bout de chaine. Cette 
fonctionnalisation leur confere g§neralement un caractere "vivant" effectif, c'est a 
dire qu'elles peuvent jouer le role d'especes reactivates dans des reactions de 
polymerisations ulterieures, ce qui s'avere particulferement interessant pour 
r§aliser la synthese de polymeres a architecture controlee, et en particulier de 
copolymeres sequences. Toutefois, en regie generate, les fonctions reactivates 
pr6sentes en bout de chaTnes sur les polymeres obtenus a I'issu d'une 
polymerisation radicalaire vivante sont egalement fragiles, et elles sont par 
exemple souvent hydrolysables en milieu basique. Ces reactions d'hydrolyse sont 
susceptibles de liberer des sous-produits de bas poids mol^culaires, malodorants 
et/ou toxiques pour I'environnement et I'etre humain, tels que par exemple le 
sulfure de carbonyle dans le cas de polymeres presentant des fonctions 
reactivates de type xanthate. 

Un des buts de la presente invention est de proposer un procede 
permettant de retirer les fonctions reactives portees par certains polymeres issus 
d'une reaction de polymerisation vivante. 

(.'invention a egalement pour but de proposer un procede de 
preparation de polymeres possedant les avantages presentes par les polymeres 
issus d'une reaction de polymerisation radicalaire vivante, a savoir, en particulier, 
une masse moleculaire moyenne en nombre M n bien controlee et une distribution 
de masses resserree, mais ne pr§sentant pas de fonctions reactivates en bout 
de chaTnes susceptibles de mener aux inconvenients precites. 

Ces buts, et d'autres qui apparaTtront au vu de la description, sont 
atteints par la presente invention, qui a pour objet un procede de preparation d'un 
polymere, qui comprend une etape consistant a mettre en contact : 

(A) au moins un polymere organique vivant presentant en bout de 
chame au moins une fonction reactivate dithiocarbonylee ou 
dithiophosphorytee ; 
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(B) au moins une source de radicaux libres ; et 

(C) au moins un compose organique porteur d'un atome 
d'hydrogdne labile. 

Cette etape permet plus particulterement de proceder S une 
5 substitution de la fonction dithiocarbonylee ou dithiophosphorylee presente sur 
ledit poiymere organique vivant par un atome d'hydrogene. 

Par "poiymere organique vivant", on entend, au sens de la presente 
description, tout polym§re au sens de Invention, au moins partiellement a base 
d'unites monomeres organiques, et susceptible d'etre obtenu selon un procede 
10 de polymerisation radicalaire vivante. 

Les polymeres organiques vivants qui sont mis en ceuvre dans le 
procede de I'invention peuvent avantageusement etre des copolymeres a 
architecture controlee, et il peut ainsi s'agir par exemple de copolymeres 
sequences. Quelle que soit leur structure exacte, ces polymeres organiques 
15 vivants presentent sp6cifiquement, en bout de chaTne, au moins une fonction 
reactivate dithiocarbonylee ou dithiophosphorylee, c'est a dire une fonction 
respectivement de type -S(C=S)-R ou -S(P=S)-R, ou R designe un groupement 
organique quelconque. 

Ainsi, la fonction reactivate dithiocarbonylee ou dithiophosphorylee 
20 presente en bout de chame sur le poiymere (A) mis en oeuvre dans le procede de 
Tinvention peut avantageusement etre une fonction -S(C=S)-R ou -S(P=S)-R, ou 
R designe : 

(i) un groupement alkyle, halogenoalkyle, perfluoroalkyle, alcenyle ou 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou bien un cycle 
25 carbone ou un heterocycle, ou bien encore une chaTne poiymere ; 



(ii) un radical -OR a , dans lequel R a designe un groupement choisi parmi : 

- un groupement alkyle, halogenoalkyle, perfluoroalkyle, alcenyle, 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou 
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bien un cycle carbone ou un heterocycle, ou bien une chaTne 
polymere ; 

- un groupement -CR b R°PO(OR d )(OR e ), dans lequel : 

- R b et R° representent chacun, independamment Tun de 
I'autre, un atome d'hydrogene, un atome d'halogene, un 
groupement perfluoroalkyle, un cycle carbone ou un 
heterocycle, ou bien encore un groupement -NO2, -NCO, 
-CN, ou un groupement choisi parmi les groupements de type 
-R f , -S0 3 R f , -OR f , -SR f , -NR f R 9 , -OOCR f , -CONR f R 9 ou 
-S0 3 R f , dans lesquels R f et R 9 designent chacun, de fagon 
independante, un groupement alkyle, alc6nyle, alcynyle, 
aryle, aryle, arylalkyle, arylalcenyle, ou arylalcynyle ; 

ou bien R b et R c forment ensemble avec le carbone auquel 
il sont rattaches,un groupement C=0 ou C=S, ou bien un 
cycle hydrocarbon^ ou un heterocycle ; et 

- R d et R e representent chacun, independamment Tun de 
Tautre, un radical r6pondant a Tune des definitions donnees 
ci-dessus pour le groupement R f ; 

ou bien R d et R e forment ensemble une chaTne 
hydrocarbonee comportant de 2 a 4 atome de carbone, 
eventuellement interrompue par un groupement -0-, -S-, ou - 
NR h -, oi\ R h repond & I'une des definitions donnees ci-dessus 
pour le groupement R f ; 

(Hi) un groupement -NR'R 1 , ou : 

- R et R J representent independamment Tun de I'autre un radical 
choisi parmi un groupement alkyle, halogenoalkyle, alcenyle, 
alcynyle, acyle, ester, aryle, arylalkyle, arylalcenyle, arylalcynyle, 
ou un cycle carbone; ou 
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- R 1 et R J forment ensemble une chaTne hydrocarbonee 
comportant de 2 a 4 atome de carbone, §ventuellement 

H H 

interrompue par un groupement -0-, -S-, ou -NR -, ou R repond 
a I'une des definitions donnees ci-dessus pour le groupement R , 
5 ladite chaTne hydrocarbonee formant avantageusement un cycle 

a 5 chainons avec I'azote auquel sont rattaches R 1 et R J , 

les radicaux R 1 et R j induisant de preference un effet electroattracteur ou 
un effet de delocalisation vis a vis de la densite electronique de 1'atome 
d'azote auquel ils sont lies. 

10 Dans I'ensemble de la presente description, on entend couvrir par le 

terme de groupement "alkyle" un radical hydrocarbone sature, lineaire ou ramifie, 
pouvant eventuellement inclure un ou plusieurs cycle(s) aliphatique(s) sature(s). 
Au sens de ('invention, les groupes alkyles peuvent presenter jusqu'a 25 atomes 
- de carbone, et ils contiennent de preference de 1 a 12 atomes de carbone, et 

1 5 avantageusement de 1 a 6 atomes de carbone. 

De facon particuliere, un groupe alkyle peut egalement designer, au 
sens de I'invention, un groupe cycloalkyle, c'est-a-dire un radical hydrocarbone 
sature cyclique, presentant de preference de 3 a 1 0 atomes de carbone. 

Un groupement "alcoxy" designe quant a lui, au sens de I'invention, 
20 un radical -OAlk, ou Alk designe un groupement alkyle tel que defini ci-dessus. 

Par groupement "halogenoalkyle" au sens de I'invention, on entend 
un radical alkyle tel que defini precedemment et substitue par au moins un atome 
d'halogene, ou le terme "atome d'halogene" designe ici, comme dans I'ensemble 
de la description, un atome de fluor, de chlore, de brome ou d'iode, de preference 
25 un atome de fluor ou de chlore, et avantageusement un atome de fluor. Les 
groupements "halogenoalkyle" de I'invention peuvent ainsi etre par exemple des 
groupements "perfluoroalkyle", c'est a dire, au sens de I'invention, des 
groupements repondant a la formule -CH2C n F 2 n+i, ou n represente un entierallant 
de 1 a 20. 



f 
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Par ailleurs, un groupement "alcSnyle", au sens ou il est employe 
dans la presente description, designe un radical hydrocarbone insature, lineaire 
ou ramifie, presentant au moins une double liaison C=C. Les groupes alcenyles 
de Finvention peuvent presenter jusqu'& 25 atomes de carbone et comprennent 
5 de preference de 2 a 12 atomes de carbone, et avantageusement de 2 a 6 
atomes de carbone. 

De meme, on entend par groupe "alcynyle" un radical hydrocarbon^ 
insature, lineaire ou ramifie et pr6sentant au moins une triple liaison C=C. Les 
groupes alcynyles de Pinvention presentent gen6ralement de 2 a 25 atomes de 
10 carbone, et ils comprennent de preference de 2 a 15 atomes de carbone, et 
avantageusement de 2 a 6 atomes de carbone. 

Un groupement "acyle" designe quant & lui, au sens de I'invention, 
un groupement de formule -C(=0)-B, ou B designe une chaTne hydrocarbonee 
lineaire ou ramifiee, saturee ou insaturee, et comportant de 1 a 25 atomes de 
15 carbone, et qui peut notamment etre un groupe alkyle, alcenyle ou alcynyle tels 
que definis ci-dessus. 

Par groupement "ester" au sens de Tinvention, on entend un 
groupement -C(=0)-OB, ou B designe une chaTne hydrocarbonee lineaire ou 
ramifiee, saturee ou insaturee, et comportant de 1 & 25 atomes de carbone, et 
20 qui peut notamment §tre un groupe alkyle, alcenyle ou alcynyle tels que definis ci- 
dessus. 

Au sens de Tinvention, un radical de type "cycle carbone" designe 
un groupement cyclique sature, insature ou aromatique, notamment de type 
cycloalkyle, cycloalcenyle ou cycloalcynyle, eventuellement substitu6, et 
25 comportant de 3 a 20 atomes de carbone. Un radical de type "heterocycle" 
designe quant a lui un tel cycle carbone interrompu par au moins un heteroatome 
choisi par exemple parmi N, O ou S. 

Un groupement "aryle" designe quant a lui, au sens de invention, 
un groupe aromatique mono- ou polycyclique poss§dant g§neralement de 5 a 20 
30 atomes de carbone, et de preference de 6 a 10 atomes de carbone. Ainsi, il peut 
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par exemple s'agir d'un groupe phenyle, ou encore 1- ou 2- naphtyle. Selon une 
variante particuliere un groupe "aryle" au sens de invention peut integrer un ou 
plusieurs heteroatomes tels que le soufre, I'oxygene, ou I'azote. Dans ce cas 
particulier, le groupe "aryle" au sens de I'inventlon designe un groupement 
5 heteroaromatique mono- ou polycyclique. 

Les groupes "arylalkyles", "aralcenyles" et "aralcynyles" au sens de 
invention sont respectivement des chaTnes alkyles, alcenyles et alcynyles 
substitutes par un groupement aryle tel que defini ci-dessus. En d'autres termes, 

« 

les groupes "arylalkyles", "aralcenyles" et "aralcynyles" au sens de I'invention sont 
10 respectivement des groupements de type Ar-Ra-, dans lesquels Ar- represente 
un groupement aryle et ou les groupes de type -Ra- represented 
respectivement une chaTne alkylene, alcenylene, ou alcynylene. 

Les differents radicaux peuvent eventuellement §tre interrompus par 
un ou plusieurs heteroatomes choisis notamment parmi O, S, et N, Si, ou par des 

15 groupes -(C=0)- t -(C=S)-, -S0 2 -, -SO-, ou amines secondaires ou tertiaires, et ils 
peuvent etre substitues par tout type de groupements non susceptible d'interferer 
avec la reaction de polymerisation ou de mener a des reactions parasites entre 
les composes en presence, et notamment par un ou plusieurs groupements 
identiques ou differents choisis parmi un atome d'halogene, un groupement silyle, 

20 un groupement -OH, alcoxy, -SH, thioalcoxy, -NH 2 , mono- ou di-alkylamino, -CN, 
-COOH, ester, amine, ou perfluoroalkyle, lesdits substituants pouvant 
eventuellement etre interrompus par des heteroatomes. II est des competences 
de I'homme du metier de choisir la nature des differents groupements et 
substituants presents dans les composes mis en ceuvre pour eviter toute reaction 

25 secondaire indefinable. 

De preference, le polymere organique vivant (A) mis en oeuvre dans 
le precede de I'invention est un polymere issu d'un precede mettant en ceuvre 
une polymerisation radicalaire vivante utilisant des agent de transfert reversible 
par addition-fragmentation, de type dithioester, xanthate, dithiocarbamate, 
30 thioether-thione, trithiocarbonate ou d'rthiophosphoroester, et qui presente a au 
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moins une extremite de sa chame une partie r6activable dithiocarbonylee ou 
dithiophosphorylee provenant de ces agents de transfer! reversible. 

Les polymeres organiques vivants (A) utilises dans le procede de 
Tinvention peuvent etre par exemple des polymeres issus d'un precede de 
5 polymerisation radicalaire controlee r6alisee par mise en contact d'un ou 
plusieurs monomere(s) ethyleniquement insature(s), d'au moins une source de 
radicaux libres et d'au moins un agent de transfer! reversible du type precite. De 
fagon plus sp6cifique, les polymeres organiques vivants utilises dans le procede 
de Tinvention peuvent etre des polymeres sequences issus d'un procede de 

10 copolym6risation comportant N etapes successives de polymerisations 
radicalaires (N etant superieur ou egale a 2), la premiere de ces Stapes etant une 
polymerisation radicalaire contr6l6e realisee par mise en contact d'un ou 
plusieurs monomere(s) ethyteniquement insature(s), d'au moins une source de 
radicaux libres et d'au moins un agent de transfer!: reversible du type precite, et 

15 les (N-1) etapes suivantes etant des polymerisations radicalaires controlees 
realisees par mise en contact d'un ou plusieurs monomere(s) ethyleniquement 
insature(s) differents de ceux de Tetape precedente, d'au moins une source de 
radicaux libres et de la composition de polymere vivante issue de I'etape 
precedente. 

20 Ainsi, les polymeres organiques vivants (A) utilises dans le procede 

de Tinvention peuvent avantageusement etre des polymeres issus d'un procede 
de copolymerisation choisi par exemple parmi les precedes decrits dans les 
demandes de brevets WO 98/01478 et WO 99/35178, qui mettent en ceuvre des 
agents de transfert reversible de type dithioesters ou dithiocarbamates, ou parmi 

25 les precedes des demandes de brevets WO 98/58974, WO 00/75207 et WO 
01/042312 mettant en oeuvre des agents de transfert reversible de type xanthate. 
II peut egalement s'agir de polymeres issus obtenus selon un des precedes 
decrits dans les demandes de brevets WO 99/35177 ou WO 99/31144, qui 
utilisent des agents de transfert reversible de type dithiocarbamate, ou bien 
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encore selon !e precede decrit dans la demande de brevet FR 2794464, qui met 
en oeuvre des agents de transfert reversible de type thioether-thione. 



polymeres organiques vivants (A) utilises dans le proced6 de I'invention peuvent 
5 6galement etre issus du proc6de mettant en ceuvre les agents de transfert 
reversible de type dithiophosphoroester du type de celui qui a ete decrit dans la 
demande de brevet franpais n 0 00/09952 deposee le 28Juillet 2000 par la 
Demanderesse, c'est a dire selon un procede comprend au moins une etape de 
polymerisation radicalaire d'une composition contenant : 

10 - au moins un monomere 6thyl6niquement insature 



Selon un mode particulier de realisation de I'invention, les 



- une source de radicaux libres, et 



- au moins un compose de type dithiophosphoroester de formule 



generale (F) : 



S 
II 

R 2 — P— S— Ri 



(F) 



15 



dans laquelle : 



- Ri represente : 



20 



• . un groupe alkyle, acyle, aryle, aralkyle, alcene ou alcyne, 
de preference un groupe alkyle, avantageusement substitue 

• . un cycle carbone ou un heterocycle, sature ou non, 
aromatique et 6ventuellement substitue, 



• . une chame polymere, par exemple issue d'une 
polymerisation radicalaire ou ionique ou d'une 
polycondensation, 



- R 2 et R3, identiques ou differents, represented : 



25 



• . un atome d'hydrogene, 
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• . -S-R 4 , ou R4 a Tune des signification donnee ci-dessus 
pour R1, 

• . un radical alkyle, acyle, aryle, aralkyle, ou alcyne, 
eventuellement substitue, 

5 • . un cycle carbon^ ou un heterocycle, sature ou non, 

aromatique, Eventuellement substitue ; 

ou bien R2 et R 3 represented ensemble les atomes necessaires 
pour former un cycle carbonS ou un heterocycle, sature ou non, aromatique, 
eventuellement substitue ; et 

10 p est compris entre 2 et 10, 

les groupes R1, R2 et R 3 , pouvant etre substitues, de preference par des groupes 
phenyles eventuellement substitues, des groupes aromatiques eventuellement 
substitues, des cycles carbones satures ou non, des heterocycles satures ou non, 
ou des groupes alkoxycarbonyle ou aryloxycarbonyle (-COOR), carboxy (- 

15 COOH), acyloxy (-O2CR), carbamoyle (-CONR2), cyano (-CN), alkylcarbonyle, 
alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, phtalimido, maleYmido, 
succinimido, amidino, guanidimo, hydroxy (-OH), amino (-NR2), halogene, 
perfluoroalkyle CnF 2n +i, allyle, epoxy, alkoxy (-OR), S-alkyle, S-aryle, des groupes 
presentant un caractere hydrophile ou ionique tels que les sels alcalins d'acides 

20 carboxyliques, les sels alcalins d'acide sulfonique, les chaines poly(oxyde 
d'alkylene) (de type poly(oxyde d f ethylene) ou poly(oxyde de propylene)), les 
substituants cationiques (sels d'ammonium quatemaires), R representant un 
groupe alkyle ou aryle, ou une chaTne polymere. 

Les groupes alkyle, acyle, aryle, aralkyle ou alcyne eventuellement 
25 substitues presents au sein des dithiophosphoroesters de formule (F) possedent 
generalement de 1 a 20, avantageusement de 1 a 12, et plus preferentiellement 
de 1'd 9 atomes de carbone. lis peuvent etre lineaires ou ramifies, lis peuvent 
egalement etre substitues par des atomes d'oxygene, sous forme notamment 
d'esters, des atomes de soufre ou d'azote. 
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Parmi les radicaux alkyle envisageables, on peut notamment citer le 
radical mSthyle, ethyle, propyle, butyle, pentyle, isopropyle, tert-butyle, pentyle, 
hexyle, octyle, decyle ou dodecyle. 

Parmi les radicaux aryle, on peut notamment citer le radical phenyle, 
5 §ventuellement substftu6 notamment par une fonction nitro ou hydroxyle. 

Parmi les radicaux aralkyle, on peut notamment citer le radical 
benzyle ou phSnethyle, eventuellement substitue, notamment par une fonction 
nitro ou hydroxyle. 

Selon ce mode de realisation sp6cifique, le dithiophosphoroester de 
10 formule (F) peut avantageusement etre un compose dans lesquels le groupement 
R-t est choisi parmi les groupements suivants : 

- CH2C6H5 

- CH(CH3)(C02Et) 

- CH(CH3)(C6H5) 
15 -CH(C02Et) 2 

- C(CH3)(C02Et)(S-C6H5) 

- C(CH3)2(C6H5) 

- C(CH 3 )2CN 
ou 

H O 
I II 

— C— C— Ph 
I 




ou le symbole "Et" represente un groupe ethyle et le symbole "Ph" 
represente un groupe phenyle. 
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Quelle que soit leur structure exacte, les dithiophosphoroesters de 
formule (F) sont facilement accessibles. lis peuvent ainsi notamment etre obtenus 
par reaction entre P4S10, K 2 C0 3 et un deriv6 halogene selon un procedS d§crit 
par exemple par Nizamov et al. dans Phosphorous Sulfur and Silicon, vol. 132, 
85-100 (1998). Une autre voie d'acces aux composes de formule (F) consiste £ 
faire reagir un sel de metal alcalin d'un acide dithiophosphonique avec un derive 
halogene. A ce sujet, on pourra se reporter a Mastryukova et al (Bull. Acad. Sci. 
USSR. Div. Chem. Sci (Engl Transl), Vol. 27, 1917 (1978)). 

Selon un autre mode de realisation envisageable, les polymeres 
organiques vivants (A) utilises dans le procede de invention peuvent egalement 
etre des copolyrneres hybrides silicones/organiques obtenus par un procede de 
preparation par polymerisation radicalaire activee thermiquement du type de ceux 
decrits dans la demande de brevet frangais FR 00/09722 deposee par la 
demanderesse le 25 juillet 2000, a savoir des copolyrneres hybrides 
silicones/organiques comprenant des motifs (r)x(u)ySiO[4_( x +y)]/2 dans lesquels: 

- x est egal a 0, 1, 2 ou 3, y est egal a 0, 1, 2 ou 3 avec 2 ^ (x+y) ^ 3 et y est 
different de 0 pour au moins un des motifs du copolymere hybride, 

- les x groupements (r), identiques ou differents, represented chacun : 

• un radical alkyle lineaire ou ramifie contenant 1 a 8atomes de 
carbone, eventuellement substitue par au moins un halogene, de 
preference le fluor, les radicaux alkyle etant de preference methyle, 
ethyle, propyle, octyle et 3,3,3-trifluoropropyle, 

• un radical cycloalkyle contenant entre 5 et 8 atomes de carbone 
cycliques, eventuellement substitue, 

• un radical aryle contenant entre 6 et 12 atomes de carbone pouvant 
etre substitu§, de preference ph§nyle ou dichlorophenyle, 

• une partie aralkyle ayant une partie alkyle contenant entre 5 et 
14 atomes de carbone et une partie aryle contenant entre 6 et 
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12 atomes de carbone, substitute eventuellement sur la partie aryle 
par des halogenes, des alkyles et/ou des alkoxyles contenant 1 a 
3 atomes de carbone, 

- les y groupements (u), identiques ou differents, representent chacun un 
groupement : 



s rx 

C— S-fC— (CV^VOa— CH 2 - 



O 

■Cr 2 r 3 — C— w— Sp 



ou : 

- z, qui peut differer d'un groupement (u) a un autre, representent un 
atome de carbone, de soufre, d'oxygene, de phosphore, d'azote et/ou une 
valence libre, et de preference un atome de soufre ou d'oxygene ; 

- x' = 1 , 2,3 ou 4 en fonction de la valence de z, 

- chacun des groupements r 1 , identiques ou differents, represente : 

- un groupe alkyle, acyle, aryle, alcene ou alcyne eventuellement 
substitue, un cycle carbone, sature ou non, eventuellement substitue 
et/ou aromatique, et/ou un htterocycle, sature ou non, eventuellement 
substitue, ces groupes et (hetero)cycles pouvant etre substitues par: 
des groupes phenyles substitues, des groupes aromatiques substitues, 
ou des groupes : alkoxycarbonyle, aryloxycarbonyle (-COOr ), carboxy 
(-COOH), acyloxy (-02Cr 5 ), carbamoyle (-CON(r 5 )2), cyano (-CN), 
alkylcarbonyle, alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, 
phtalimido, malefmido, succinimido, amidino, guanidimo, hydroxy (- 
OH), amino (-N(r 5 ) 2 ), halogene, allyle, epoxy, alkoxy (-Or 5 ), S-alkyle, 
S-aryle, des groupes prtsentant un caractere hydrophile ou ionique 



10 
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tels que les sels alcalins cPacides carboxyliques, les sels alcalins 

d'acide sulfonique, les chaTnes polyoxyde d'alkylene (POE, POP), les 

substituants cationiques (sels d'ammonium quaternaires), les 

5 

groupements r , identiques ou differents, representant un groupe 
alkyle ou aryle, et/ou une chaTne polymere, 

- un groupement de formule -C n F( 2 n+i) avec n compris entre 1 et 20, 

- un groupement de formule : 



j6 Or* 
— P=0 
r 7 Or 9 



dans laquelle : 

- r6 r 7 , identiques ou non, sont choisis parmi 
15 - un groupe halogene, -NO2, »S03r 1 °, -NCO, -CN, -Or 10 , -Sr 10 , 

-N(r 10 ) 2 , -COOr 10 , -0 2 Cr 1 °, -CON(r 10 ) 2 , -NCO(r 10 ) 2 et-C n F (2n+ i) 
avec n compris entre 1 et 20, de preference egal a 1 
et r 10 representant un atome d'hydrogene ou- un radical alkyle, 
alcenyle, alcynyle, cycloacenyle, cycloalcynyle, alkaryle, 
20 aralkyle, het6roaryIe ou aryle eventuellement condense a un 

heterocycle aromatique ou non; ces radicaux pouvant 
eventuellement etre substitues par un ou plusieurs groupes 
identiques ou differents, choisis parmi les atomes d'halogenes, 
=0, =S, -OH, alcoxy, SH, thioalcoxy, NH 2 , mono ou di- 
25 alkylamino, CN, COOH, ester, amide, C n F ( 2n+i) et/ou 

eventuellement interrompu par un ou plusieurs atomes choisis 
parmi O, S, N, P ; 

- un groupe heterocyclique eventuellement substitue par un ou 
plusieurs groupes tels que d§finis precedemment ; 
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ou r 6 et r 7 forment ensemble, avec I'atome de carbone auquel ils 
sont attaches, un groupe C=0, C=S, un cycle hydrocarbone ou 
un heterocycle ; 

_ et r 8 et r 9 , identiques ou differents, representent un groupe tel 
5 que defini ci-dessus pour r 10 ; ou forment ensemble une chalne 

hydrocarbonee en C2-C4, eventuellement interrompue par un 
het§roatome choisi parmi O, S et N ; 

- V et V, identiques ou differents, represented : H, un groupe alkyle ou 
un halogene, 

10 - X et X', identiques ou differents, representent H, un halogene ou un 

groupe R4 OR 4 , 0 2 COR 4 NHCOH, OH, NH 2 , NHR 4 , N(R 4 ) 2 , (R 4 )2N + 0", 
NHCOR 4 , CO2H, CO2R 4 , CN, CONH2, CONHR 4 ou CONR 4 2, dans lesquels 
R 4 est choisi parmi les groupes alkyle, aryle, aralkyle, alkaryle, alcene ou 
organosilyle, Eventuellement perfluores et Eventuellement substitues par un ou 

15 plusieurs groupes carboxyle, epoxy, hydroxyle, alkoxy, amino, halogene ou 
sulfonique, 

- r 2 et r 3 , identiques ou differents, representent : 

- un atome d'hydrogene 

- un groupe alkyle, acyle, aryle, alcene ou alcyne eventuellement 
20 substitue ; un cycle carbon§, satur§ ou non, eventuellement substitue 

et/ou aromatique ; un hEterocycle, sature ou non, eventuellement 

substitue, un groupe alkoxycarbonyle, aryloxycarbonyle (-COOR ), 

5 5 
carboxy (-COOH), acyloxy (-O2CR ), carbamoyle (-CONR 2). cyano (- 

CN), alkylcarbonyle, alkylarylcarbonyle, arylcarbonyle, 

25 arylalkylcarbonyle, phtalimido, maleTmido, succinimido, amidino, 

guanidimo, hydroxy (-OH), amino (-NR 5 2), halogene, allyle, epoxy, 

alkoxy (-OR 5 ), S-alkyle, S-aryle, des groupes presentant un caractere 

hydrophile ou ionique tels que les sels alcalins d'acides carboxyliques, 

les sels alcalins d'acide sulfonique, les chaTnes polyoxyde d'alkylene), 

5 

30 les substituants cationiques (sels d'ammonium quaternaires), R , 

identiques ou differents, representant un groupe alkyle ou aryle, et/ou 
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une chaTne polyrnere, ces radicaux et (h§tero)cycles pouvant etre 
substitues par: des groupes phenyles substitu6s, des groupes 

aromatiques substitues, ou des groupes : alkoxycarbonyle, 

5 ^ 
aryloxycarbonyle (-COOR ), carboxy (-COOH), acyloxy (-O2CR ), 

5 

carbamoyle (-CONR 2), cyano (-CN), aikylcarbonyle, 

alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, phtalimido, 

maieTmido, succinimido, amidino, guanidimo, hydroxy (-OH), amino (- 

5 5 
NR 2), halogene, allyle, epoxy, alkoxy (-OR ), S-aikyle, S-aryle, des 

groupes presentant un caractere hydrophile ou ionique tels que les 

sels alcalins d'acides carboxyliques, les sels alcalins d'acide 

sulfonique, les chaTnes polyoxyde d'alkylene (POE, POP), les 

substituants cationiques (sels d'ammonium quaternaires), R , 

identiques ou differents, representant un groupe alkyle ou aryle, et/ou 

une chaTne polyrnere, 

- w, qui peut differer d'un groupement (u) a un autre, repr6sente un 
radical divalent choisi parmi -0-, -NR 4 -, -NH-, ou -S-, 

- Sp, qui peut diff6rer d'un groupement (u) a un autre, represente un 
radical divalent organique de formule -(CH 2 ) X '"- dans lequel x m est compris 
entre 1 et 20, ce radical pouvant etre substitue et/ou contenir au moins un 
heteroatome, 

- a = 0 ou 1, 

- m * 1, et lorsque m > 1 les motifs unitaires repetitifs d'indice m sont 
identiques ou differents. 

Ces polymeres particuliers, qui se presentent avantageusement sous la 
forme d'un copolymere hybride silicone/organique constitu6 d'un squelette 
silicone lineaire comprenant de 1 a 300 (de preference 1 a 200) motifs 
(r)x(u)ySiO[4-( x +y)]/2 et comportant au total de 1 a 50 radicaux u, et de 
preference de 1 a 10 radicaux u, peuvent etre obtenus selon un procede qui 
consiste a faire reagir un melange comprenant 

- un initiateur de polymerisation radicalaire. 

- au moins un monomere ethyleniquement insature de formule 
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CXX' (= CV - CV*) a = CH 2 , 



et 



- un compost silicone precurseur comprenant des motifs, identiques 
ou differents, de formule 

rxu'ySiO^x+y)]^ 

dans lequel 

- r, x et y ont les definitions donnees precedemment, 
et 

- les y radicaux u', identiques ou differents, sont des radicaux 
monovalents de formule: 



S O 

C— S— Cr 2 r 3 — C— w— Sp- 



ou r\ x 1 , z, r 2 , r 3 , w et Sp ont les definitions precipes, 
les radicaux u' etant et sont de preference choisis parmi les radicaux 
suivants : 
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(CH 2 )3-0 CH 3 

o s 



■Z(R I)x' 




(Rl)x' 



(CH^—O CN 

0 H. 



•(CH^— S CH 

S' 



<: ^Z(R l)x* 



H 

(CH^-N CH 3 




O S 



Z(R l)x' 



Me 

-(CH^— N CH, 



Z(Rl)x' 



oti R 1 repr6sente un groupement repondant a la definition du 
groupernent r 1 defini ci-dessus. 

Le compose silicone precurseur utilis§ au sein du procede de preparation de 
copolymeres hybrides peut etre obtenu par reaction : 

(i) d'une silicone comprenant des motifs de formule: 

R x U\SiO[4-( x +y)]/2 
ou le radical monovalent U" est selon la formule suivante: 



10 



CR2'R3-(C=0)-W-Sp- 



dans laquelle : 
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- W et Sp sont de definitions identiques a celles donnees 
precedemment, 

- L est un groupement electrofuge, par exemples : Br", CI", I", OTs", 
OMs", (C 6 H6)-(C=0)-0-, (CH 3 )-(C=0)-0", (CF 3 )-(C=0)-0". 

(ii) avec un compose choisi parmi ceux de formules generates suivantes : 



c-s- 



, M 



» 2+ 



C-S", M'* 



(R 1 )x' 



/ 



(IX) 



(R 1 )x*- 



/ 



(X) 



10 



et 



(R 1 )*- 



( 
/ 



C-S 



(M m ), 



m 



(XI) 



n 



dans lesquelles : 

- M ,+ represente K + , Na + , NR4 + , ou PR/' R etant de definition similaire 
a celle donnee pour R de la formule (I), 

- M represente un metal alcalino-terreux tels que Ca , Ba et Sr , 

- M*" represente Zn, Cd, m est egal a 1 ou 2, n est egal a 1 , 2, 3 ou 4 
et de preference m est egal a 1 et n est egal a 2. 



15 Cette silicone de formule peut etre notamment obtenue a partir (i) 

d'une silicone comprenant des motifs de formule :RxU'"ySiO[4.( x +y)]/2 oil le 
radical monovalent IT est de formule : -Sp-WH et (ii) d'un compose de formule : 



/ 



H 
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Selon encore un autre mode de realisation envisageable, les 
polymeres organiques vivants (A) utilises dans le procede de Invention peuvent 
egalement etre des polymeres dits "en forme d'etoiles" tels que ceux obtenus par 
un procede du type de celui decrit dans la demande de brevet frangais n° 01 
5 05144 d6posee le 13 Avril 2001 par le Demanderesse, a savoir un procede qui 
comprend une etape de polymerisation radicalaire d'une composition contenant : 

- une source de radicaux libres, et 

- au moins une composition de poiymere issue d'un procede de 
polymerisation radicalaire vivante et presentant en bout de chame au moins une 

10 fonction reactivate dithiocarbonylee ou dithiophosphorylee, 

et 

- au moins un monomere reticulant, 

ledit monomere reticulant etant choisi parmi des composes organiques connus 
comme 6tant reactifs par voie radicalaire, et comportant entre deux et 10 
15 insaturations ethyleniques, et de preference 2, ce monomere reticulant pouvant 
etre avantageusement choisi parmi les derives acryliques, methacryliques, 
acrylamido, methacrylamido, ester vinylique, ether vinylique, dienique, styrenique, 
alpha-methyl styrenique et allylique. 

20 De fa?on particulierement prefer6e, les polymeres organiques 

vivants (A) utilises dans le procede de Tinvention sont des polymeres issus d'un 
procede de polymerisation ou de copolymerisation comportant au moins une 
etape de polymerisation radicalaire control6e mettant en oeuvre un agent de 
transfert reversible par addition-fragmentation choisi parmi un xanthate, un 

25 dithiocarbamate ou un dithioester. Avantageusement il s'agit de polymeres 
vivants issus de la mise en oeuvre d'agents de transfert de type xanthate. 

Par "source de radicaux libres" au sens de invention, on entend, de 
fagon large, tout compose ou melange de composes susceptible de mener a la 
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formation d'especes radicalaires dans des conditions de mise en oeuvre 
adequates (activation thermique, irradiation ...), ce compose ou melange de 
compose etant utilise dans lesdites conditions requises. De preference, la source 
de radicaux libres (B) utilisee dans le precede de la presente invention est un 
5 compose ou un melange de composes menant a la formation de radicaux libres 
sous I'effet d'un traitement thermique. Ainsi, il peut par exemple s'agir d'un 
initiateur de polymerisation radicalaire de type usuel. La source de radicaux libres 
(B) utilisee dans le precede de I'invention peut ainsi notamment etre choisie parmi 

■ 

10 - les peroxydes d'hydrogene, tels que I'hydroperoxyde de butyle 

tertiaire, I'hydroperoxyde de cumene, le t-butyl-peroxyacetate, le t- 
butylperoxybenzoate, le t-butylperoxyoctoate, le t-butylperoxyneodecanoate, le t- 
butylperoxyisobutarate, le peroxyde de lauroyle, le t-amylperoxypivalte, le t- 
butylperoxypivalate, le peroxyde de dicumyl, le peroxyde de benzoyle, le 

15 persulfate de potassium, ou encore le persulfate d'ammonium ; 

- les composes azoi'ques tels que : le 2-2'-azobis(isobutyronitrile), le 
2,2 , -azobis(2-butanenitrile), le 4,4'-azobis(4-acide pentanofque), le 1.1 - 
azobis(cyclohexane-carbonitrile), le 2-(t-butylazo)-2-cyanopropane, le 2,2'- 
azobis[2-methyl-N-(1,1)-bis(hydroxymethyl)-2-hydroxyethyl] propionamide, le 2,2'- 

20 azobis(2-methyl-N-hydroxyethyl]-propionamide, le dichlorure de 2,2'-azobis(N,N'- 
dimethyleneisobutyramidine), le dichlorure de 2,2-azobis (2-amidinopropane), le 
2,2'-azobis (N.N'-dimethyleneisobutyramide), le 2,2'-azobis(2-methyl-N-[1,1-bis 
(hydroxymethyl)-2-hydroxyethyl] propionamide), le 2,2'-azobis(2-methyl-N-[1,1-bis 
(hydroxymethyl)ethyl] propionamide), le 2,2'-azobis[2-methyl-N-(2-hydroxyethyl) 

25 propionamide], ou bien encore le 2,2'-azobis(isobutyramide) dihydrate ; ou 

.- les systemes redox comportant des combinaisons telles que, par 

exemple : 

- les melanges de peroxyde d'hydrogene, d'alkyle, peresters, 
percarbonates et similaires et d'un compose choisi parmi un sel de fer, un sel de 
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titane, le formaldehyde sulfoxylate de zinc ou le formaldehyde sulfoxylate de 
sodium, et des sucres reducteurs ; 

- les persulfates, perborates ou perchlorates de metaux alcalins ou 
d'ammonium, en association avec un bisulfite de metal alcalin, tel que le 

5 metabisulfite de sodium, et des sucres reducteurs; 

- les persulfates de metal alcalin en association avec un acide 
arylphosphinique, tel que I'acide benzene phosphonique et autres similaires, et 
des sucres reducteurs 

De preference, la source de radicaux libres (B) de I'invention 
10 comprend un peroxyde, choisi avantageusement, le cas 6cheant, parmi les 
composes repondant a. Tune des formules (I) a (IV) suivantes : 

FT— O-O— R" (|)> 



15 




R' — 0 — n — 0 O— jj— O-R" 

° 0 (Ml), 

et 

R'— O— n— O O-R" 

° (IV), 

20 

dans lesquelles les groupements R' et R", identiques ou differents, represented 
des groupes alkyle, lineaire ou ramifie, aryle ou aralkyle, eventuellement 
substitues. 
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Ainsi, comme exemples de peroxydes particulierement adapt6s a 
titre de source de radicaux libres (B) dans le proced6 de finvention, on peut 
notamment citer le diisobutyryl peroxyde, cumyl peroxyneodecanoate, ter-amyl 
peroxyneodecanoate, di(2-ethylhexyl) peroxydicarbonate, tert-butyl 
5 peroxyneodecanoate, le dibutyl peroxydicarbonate, dicetyl peroxydicarbonate, 
dimyristyl peroxydicarbonate, tert-butyl peroxyneoheptanoate, tert-amyl 
peroxypivalate, didecanoyl peroxyde, tert-amyl peroxy-2-ethylhexanoate, tert-butyl 
peroxyisobutyrate, 1 ,4-di(tert-butylperoxycarbo)cyc!ohexane, tert-butyl 
peroxyacetate, tert-butyl peroxybenzoate, di-tert-amyl peroxyde, tert-butyl cumyl 
10 peroxyde, le peroxyde de bis-tertiobutyl, le peroxyde de dicumyl, le peroxyde de 
dilauroyle ou le di(4-tert-butylcyclohexyl)peroxydicarbonate. 

Quelle que soit sa nature exacte, la source de radicaux libres (B) 
mise en oeuvre selon le proc§de de ['invention est utilisee dans des conditions 
permettant la production de radicaux libres, ce qui est generalement realise par 
15 activation thermique, c'est & dire en elevant la temperature du milieu reactionnel, 
generalement a une temperature de I'ordre de I'ambiante (environ 20°C) a 200 
°C, de preference de 40 a 180°C, avantageusement de 80 a 160 °C. 

La source de radicaux libres utilisee peut etre introduite en une 
seule fois au sein du milieu reactionnel, mais elie peut aussi etre introduite 
20 progressivement, le cas ech§ant par portions ou en continu. 

La quantite de la source de radicaux libres depend de son efficacite 
et de son mode d'introduction. Avantageusement, la source de radicaux libres 
utilisee est introduite en une quantity telle que la quantite de radicaux libres 
qu'elle est susceptible de Iib6rer est comprise entre 50 % et 200 % en mole, et de 
25 preference comprise entre 100 % et 150 % en mole, par rapport £ la quantite 
molaire totale de fonctions dithiocarbonylees ou dithiophosphorylees portees par 
Tensemble des polymeres organiques vivants presents dans le milieu. 
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Une autre caracteristique du precede de I'invention est la mise en 
oeuvre specifique d'un compose organique (C) porteur d'un atome d'hydrogene 
labile. 

Par "hydrogene labile", on entendra, au sens de I'invention, un 
5 hydrogene lie au compose organique par une liaison sigma d'intensite 
suffisamment faible pour que cette liaison puisse mener a une rupture radicalaire 
homolytique. 

Sans vouloir etre lie en aucune fagon a une theorie particuliere, il 
semble pouvoir etre avance que, dans le procede de I'invention, des radicaux 
10 libres RL- issus de la source de radicaux libres employee reagissent avec la 
fonction dithiocarbonylee -S(C=S>R (ou -S(P=S)-R) du polymere organique 
vivant, pour former des especes radicalaires selon le schema reactionnel suivant 

■ 

(Pol)-S(C=S)-R + RL» <=> (Pol)- + RL-S(C=S)-R 
1 5 (ou (Pol) designe la chatne polymere, le meme schema reactionnel pourrait etre 
presente avec la fonction -S(P=S)-). 

On suppose que le compose organique porteur d'un atome d'hydrogene labile 
mis en ceuvre selon I'invention (note Org-H) joue le role d'agent de transfert 
d'hydrogene et reagit sur le radical de type (Pol)« ainsi forme selon le bilan 
20 reactionnel : 

(Pol)» + Org-H (Pol)H + Org* 

En tout etat de cause, quel que soit le mecanisme exact mis en 
ceuvre dans le procede de I'invention, on obtient specifiquement a I'issu de ce 
procede une substitution de la (ou des) fonction(s) dithiocarbonylee(s) ou 
25 dithiophosphorylee(s) initialement presente sur le polymere organique vivant mis 
en ceuvre par un (ou des) atome(s) d'hydrogene(s). 

Le compose organique (C) porteur d'un atome d'hydrogene labile 
qui est mis en ceuvre selon I'invention est de preference chcrtsi parmi : 

-les alcools secondares de formule (HO)CH(R')(R n ), 
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-les mercaptans de formule R m SH, 

-les phosphites de formule (0=)PH(-OR lv )(-OR v ), 

-les silanes de formule R^R^'SiH , 

ou 

5 -les acetals de formule R^ChKOF^XOR* 1 ), 

oCi les groupements R 1 , R n , R m , R ,v , R v , R* R v ", R vi ", R 1X , R x et R* 
represented chacun, de facon independante, un radical alkyle, cycloalkyle, 
alcoxy, alcene, acyle, aryle, aralkyle, aralcenyle ou aralcynyle, ces radicaux 
pouvant etre eventuellement substitues. 

10 De preference, R 1 , R n , R™ R ,v , R v , R^, R vn , R vm , R ,x , R x et R XI sont 

choisis parmi un radical alkyle de C1 a C8 et le radical phenyl. 

De fagon avantageuse, ce compost organique (C) porteur d'un 
atome d'hydrogene labile est choisi parmi le 2-propanol, 2-butanol, 2-octanol, 
mercaptoethanol, phosphite de di6thyle f dimethylacetate du benzaldehyde et le 
15 dimethylphenylsilane. Plus particulierement, ce compose organique (C) est le 2- 
propanol. 

Par ailleurs, le compose organique (C) porteur d'un atome 
d'hydrogene labile mis en oeuvre selon Tinvention est g§n6ralement un compose 
organique capable d'assurer le role de solvant du polymere vivant utilise, qui 
20 pr6sente en bout de chaTne au moins une fonction reactivate dithiocarbonylee 
ou dithiophosphorylee. Dans ce cas, la quantity de compose (C) mise en oeuvre 
est generalement comprise entre 1 et 50000 equivalents molaires, et de 
preference entre 2 et 10000 equivalents molaires, par rapport au polymere (A). 

Dans le cas ou ce compose n'est pas a meme d'assurer ce r6le, on 
25 prefere conduire la reaction en presence d'un co-solvant, choisi, le cas echeant, 
notamment parmi Teau, I'ethanol, le toluene et le tetrahyrofurane (THF). Dans ce 
cas, la quantite de compose (C) mise en oeuvre est le plus souvent comprise 
entre 1 et 200 equivalents molaires, et avantageusement entre 20 et 100 
equivalents molaires, par rapport au polymere (A). 



WO 02/090397 PCT/FR02/01537 

29 

Dans le cas le plus general, le compose (C) est mis en oeuvre a 
raison de 1 a 50000 equivalents molaires, et de preference entre 2 et 10000 
equivalents molaires, par rapport au polymere (A). 

Par ailleurs, dans le procede de I'invention, I'etape de mise en 
5 contact du polymere vivant (A), de la source de radicaux libres (B) et du compose 
organique porteur de I'hydrogene labile (C) est generalement conduite a une 
temperature suffisante pour permettre un amorcage effectif de la source de 
radicaux libres, mais on prefere egalement le plus souvent que cette temperature 
soit inferieure ou egale a la temperature d'ebullition des differents reactifs mis en 
10 ceuvre, sans quoi on est conduit a realiser le procede de I'invention sous 
pression, ce qui ne compromet certes pas I'efficacite du procede dans le cas 
general, mais est susceptible de se traduire en termes d'elevation de coQts de 
mise en oeuvre. 

Ainsi, dans la cas le plus general, sous pression atmospherique, on 
15 prefere que cette etape soit conduite a une temperature comprise entre 0°C et 
200°C. De preference, cette temperature de mise en oeuvre est superieure a 
20°C, et elle est avantageusement inferieure a 180°C. Ainsi, cette temperature 
peut typiquement etre comprise entre 40°C et 1 60°C. 

Les exemples non limitatifs exposes ci-apres illustrent le procede de 

20 I'invention. 



EXEMPLES 



25 Exemple 1 : 

- Synthese d'un poly(acide acrylique) termine O-ethyl xanthate : 

Dans un ballon bicol surmonte d'un refrigerant, on introduit 7 g d'acide acrylique, 

28 g d'ethanol, 2,02 g de S-ethylpropionyl O-ethyl xanthate et 0,48 g 
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d'azobisisobutyronitrile. Le melange est porte a 70°C pendant 4 heures. Le 
polyacide acrylique obtenu a les caracteristiques suivantes : Mn=2950 g/mol, 
Mw/Mn=1.19. 

5 Mn est la masse molaire moyenne en nombre. Elle est mesuree par 
chromatographie d'exclusion sterique (CES) dans I'eau, avec un etalonnage 
relatif par du polyoxyde d'ethylene. 

Mw/Mn est I'indice de polymolecularite (donne par CES). Mw est la masse 
molaire moyenne en poids. 

10 

- Reduction radicalaire du polyacide acrylique terming O-ethyl xanthate : 

A un echantillon de 20ml de solution du polyacide acrylique de I'exemple 1, 27,8 
g de 2-propanol sont rajoutes. Le melange est ensulte porte a 80°C. 0,37 g de 
peroxyde de dilauroyle sont introduits toutes les deux heures pendant 14 heures. 
15 Puis, le systeme est maintenu en temperature pendant 3 heures 
supplementaires. En fin de reaction, le produit brut reactionnel est analyse par 
CES dans I'eau. Par detection UV a 290 nm, longueur d'onde a laquelle le 
groupement S(C=S) du xanthate absorbe tres fortement, il est constate une 
disparition totale du signal. Ceci est caracteristique de la reduction totale du bout 

20 de chaftie xanthate. 

Egalement, apres purification de I'echantillon par extraction liquide-liquide 
(hexane/ether), I'analyse du . polyacide acrylique purifie par RMN du proton et du 
carbone montre I'absence des signaux caracteristiques de I'extremite xanthate. 

25 Exemple 2 : 

t 

- Reduction radicalaire du polyacide acrylique termine O-ethyl xanthate : 

A un echantillon de 20ml de solution du polyacide acrylique dont la synthese est 
d§crite ci-dessus, 27,8 g de 2-propanol sont rajoutes. Le melange est ensuite 
30 porte a 80°C. 3,7 de percarbonate de p-di-t-butylcyclohexyle sont ensuite 
introduits, et la reaction est conduite a cette temperature pendant cinq heures. En 
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fin de faction, le produit brut reactionnel est analyse par CES dans I'eau. Par 
detection UV a 290 nm, longueur d'onde a laquelle le groupement S(C=S) du 
xanthate absorbe tres fortement, il est constate une disparition totale du signal. 
Ceci est caracteristique de la reduction totale du bout de chaTne xanthate. 
Egalement, apres purification de I'echantillon par extraction liquide-liquide 
(hexane/ether), I'analyse du polyacide acrylique purifie par RMN du proton et du 
carbone montre l'absence des signaux caracteristiques de I'extnemite xanthate. 
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REVENDICATIONS 

1. Procede de preparation d'un polymere, qui comprend une etape 
consistant a mettre en contact : 

(A) au moins un polymere organique vivant presentant en bout de 
chame au moins une fonction reactivate dithiocarbonylee ou 
dithiophosphorylee ; 

(B) au moins une source de radicaux Iibres ; et 

(C) au moins un compose organique porteur d'un atome 
d'hydrogene labile. 

2. Procede selon la revendication 1, caracterise en ce que la 
fonction reactivate dithiocarbonylee ou dithiophosphorylee presente en bout de 
chame sur le polymere (A) mis en ceuvre est une fonction -S(C=S)-R ou - 
S(P=S)-R, ou R designe : 

(i) un groupement alkyle, halogenoalkyle, perfluoroaikyle, alcenyle ou 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou bien un cycle 
carbone ou un heterocycle, ou une chame polymere ; 

(ii) un radical -OR a , dans lequel R a designe un groupement choisi parmi : 

- un groupement alkyle, halogenoalkyle, perfluoroaikyle, alcenyle, 
alcynyle, acyle, aryle, arylalkyle, arylalcenyle, arylalcynyle, ou 
bien un cycle carbone ou un heterocycle, ou bien une chatne 
polymere ; 

- un groupement -CR b R c PO(OR d )(OR e ), dans lequel : 

- R b et R c represented chacun, ind6pendamment Tun de 
Tautre, un atome d'hydrogene, un atome d'halogene, un 
groupement perfluoroaikyle, un cycle carbone ou un 
heterocycle, ou bien encore un groupement -NO2, -NCO, 
-CN, ou un groupement choisi parmi les groupements de type 
-R f , -S0 3 R f , -OR f , -SR f , -NR f R g f -OOCR f t -CONR f R 9 , ou 
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-S0 3 R f , dans lesquels R f et R 9 designent chacun, de facon 
independante, un groupement alkyle, alcenyle, alcynyle, 
aryle, aryle, arylalkyle, arylalcenyle, ou arylalcynyle ; 

ou bien R b et R c forment ensemble avec le carbone auquel 
il sont rattaches.un groupement C=0 ou C=S, ou bien un 
cycle hydrocarbone ou un heterocycle ; et 

- R d et R e represented chacun, independamment I'un de 
I'autre, un radical repondant a I'une des definitions donnees 
ci-dessus pour le groupement R ; 

ou bien R d et R e forment ensemble une chaTne 
hydrocarbonee comportant de 2 a 4 atome de carbone, 
eventuellement interrompue par un groupement -0-, -S-, ou - 
NR h -, ou R h repond a I'une des definitions donnees ci-dessus 
pour le groupement R f ; 

(iii) un groupement -NR'R 1 , ou : 

- R 1 et R j represented independamment I'un de I'autre un radical 
choisi parmi un groupement alkyle, halogenoalkyle, alcenyle, 
alcynyle, acyle, ester, aryle, arylalkyle, arylalcenyle, arylalcynyle, 
ou un cycle carbone; ou 

- R 1 et R j forment ensemble une chaTne hydrocarbonee 
comportant de 2 a 4 atome de carbone, eventuellement 
interrompue par un groupement -0-, -S-, ou — NR H -, ou R H repond 
a I'une des definitions donnees ci-dessus pour le groupement R f , 
ladite chaTne hydrocarbonee formant avantageusement un cycle 
a 5 chaTnons avec I'azote auquel sont rattaches R 1 et R, 

les radicaux R 1 et R j induisant de preference un effet electroattracteur ou 
un effet de delocalisation vis-a-vis de la densrte electronique de I'atome 
d'azote auquel ils sont lies. 
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3. Procede selon la revendication 1, caracterise en ce que le 
polymere organique vivant (A) est un polymere issu d'un procede mettant en 
oeuvre une polymerisation radicalaire vivante utilisant au moins un agent de 
transfert reversible par addition-fragmentation, de type dithioester, xanthate, 

5 dithiocarbamate, thioether-thione, trithiocarbonate ou dithiophosphoroester. 

4. Procede selon la revendication 3, caracterise en ce que le 
polymere (A) est issu d'un procede de polymerisation ou de copolymerisation 
comportant au moins une etape de polymerisation radicalaire contrdlee mettant 
en ceuvre un agent de transfert reversible par addition-fragmentation choisi parmi 

10 un xanthate, un dithiocarbamate ou un dithioester. 

5. Procede selon Tune quelconque des revendications 1 a 3, 
caracterise en ce que la source de radicaux libres (B) mise en oeuvre comprend 
un peroxyde choisi parmi les composes repondant a Tune des formules (I) a (IV) 
suivantes : 



15 



R' 0—0 R" 



(0. 



R'— |pO O 



6 o 



R" 

(II). 



R' — O — n — O O— jpO-R" 

20 0 0 m 



et 



R' — O — |j — O — O-R" 
O 



(IV), 
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dans lesquelles les groupements R* et R", identiques ou differents, 
represented des groupes alkyle, lineaire ou ramifie, aryle ou aralkyle, 
eventuellement substitues. 

6. Procede selon la revendication 5, caracterise en ce que la source 
de radicaux libres (B) mise en oeuvre comprend un peroxyde cholsi parmi le 
diisobutyryl peroxyde, cumyl peroxyneodecanoate, ter-amyl peroxyneodecanoate, 
di(2-ethylhexyl) peroxydicarbonate, tert-butyl peroxyneodecanoate, le dibutyl 
peroxydicarbonate, dicetyl peroxydicarbonate, dimyristyl peroxydicarbonate, tert- 
butyl peroxyneoheptanoate, tert-amyl peroxypivalate, didecanoyl peroxyde, tert- 
amyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 1 ,4-di(tert- 
butylperoxycarbo)cyclohexane, tert-butyl peroxyac6tate, tert-butyl 
peroxybenzoate, di-tert-amyl peroxyde, tert-butyl cumyl peroxyde, le peroxyde de 
bis-tertiobutyl, le peroxyde de dicumyl, le peroxyde de dilauroyle et le di(4-tert- 
butylcyclohexyl)peroxydicarbonate. 

7. Procede selon Tune quelconque des revendications 1 a 6, 
caracterise en ce que la source de radicaux libres (B) est introduite en une 
quantite telle que la quantite de radicaux libres qu'elle est susceptible de liberer 
est comprise entre 50 et 200 % en mole par rapport a la quantite totale molaire 
de fonctions dithiocarbonylees ou dithiophosphorylees portees par Tensemble 
des polymeres organiques vivants (A) mis en oeuvre. 

8. Procede selon Tune quelconque des revendications 1 a 7, 
caracterise en ce que le compose organique (C), porteur d'un hydrogene labile, 
est choisi parmi : 

-les alcools secondares de formule (HO)CH(R , )(R M ), 

-les mercaptans de formule R^SH, 

-les phosphites de formule (0=)PH(-OR lv )(-OR v ), 

-les silanes de formule R v, R v,l R VII, SiH , 

ou 

-les acetals de formule R (X CH(OR x )(OR Xf ), 
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. ol D !l D lll D 'V d v D vi D v " O m R IX R x ot R XI 

ou les groupements R.R.R.R ,R,R ,R , R , R ,K et k 
represented chacun, de facon independante, un radical alkyle, cycloalkyle, 
alcoxy, alcene, acyle, aryle, aralkyle, aralcenyle ou aralcynyle, ces radicaux 
pouvant §tre eventuellement substitues. 

5 9. Proced§ selon I'une quelconque des revendications 1 a 8, 

caracterise en ce que le compose (C) est mis en ceuvre a raison de 1 a 50000 
equivalents molaires, et de preference de 2 a 10000 equivalents molaires par 
rapport au polymere (A). 

10. Precede selon I'une quelconque des revendications 1 a 9, 
10 caracterise en ce que I'etape de mise en contact du polymere vivant (A), de la 
source de radicaux libres (B) et du compose organique porteur de I'hydrogene 
labile (C) est conduite a une temperature comprise entre 0°C et +200°C. 
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